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Abstract
Scientific literacy is an important and relevant 21st century skill. People with a strong scientific
literacy are better equipped to be involved in public discourse which can drive social and
political decision-making processes and are more adept at determining valid scientific
information. Unfortunately, American citizens have consistently demonstrated a weak
understanding of the nature of science. This has never been more recently apparent than during
the COVID-19 crisis where citizens have not only neglected to adhere to CDC recommendations,
but also deny the validity of the scientific process through anti-vax propaganda. Research has
shown that accepting evolution as a valid scientific theory is a key component to developing
strong scientific literacy skills. Evolutionary theory is the cornerstone to developing this skill as
it connects all areas of the sciences and provides a strong evidence-based framework from which
people can make meaning about the phenomenon occurring around them. Although 99% of the
scientific community agrees that evolution has occurred, only 66% of Americans can say the
same. Americans typically only learn about evolution in their high school biology classes as
most Americans are not college graduates, and those that are may not have been required to take
biology as a part of their program. It can be assumed then that the only opportunity to learn
about evolution is in the high school biology classroom. Teachers are integral to a student
accepting the theory of evolution. Teacher instructional practices and beliefs play a significant
role in how these teachers teach evolution, and therefore the likelihood that a student will accept
evolution to be a valid theory. However, teacher curricular and instruction decisions vary
between states, between districts, and even between teachers in the same school. These beliefs
have shown to be influenced by various things, like religiosity of the instructor, the attitudes of
the community in which they teach, the quality of the standards the school adopted, and the
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teacher preparation program experience. Although scholarship is extensive concerning the first
three influential factors, it lacks in the area of teacher preparation and its influence on teacher
practice. This survey-based study of Connecticut public high school biology teachers was able
to determine what relationship exists between these preparation programs and teacher practice
regarding evolution curricula. This study determined that taking an evolutionary biology course
during the program and non-evolutionary biology courses that spend at least a brief amount of
time covering evolution both play positive roles in the curriculum and instruction decisions of
the teacher. It was also determined that having a positive perception of the preparation program
and an increased level of confidence in a one’s abilities as a teacher also positively influence
these decisions. These preparation programs are essential to the development of teachers with a
strong understanding of the nature of science and the validity of evolutionary theory, and policy
should be developed to promote these types of programs.
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Chapter 1- Introduction
Science is a way of knowing. It is defined by the systematic methods by which scientists
work to understanding the natural world (The Science Council, 2018). Science can provide
humanity with knowledge of the world around them which can be used to develop effective
solutions to a multitude of problems. Having a science literate population should be a top
priority for every society as it promotes innovation, growth, and independent thinking (AAAS,
1994). As of the 21st century, scientific research is being conducted at an accelerating pace.
The information learned has been made even more readily available to the public through outlets
like the internet and television. Science literacy is a relevant skill for a society which has to
grapple with complicated and urgent scientifically based public policy discussions. It is of
upmost importance that the public engages in this discourse as it directly influences their own
lives (Marincola, 2006). To participate fully in this type of dialogue, people must have an
adequate understanding of the nature of science and critical thinking.
The Central Theme: Evolution
One of the most enduring theories in all of the sciences, one that is a keystone to
understanding the nature of science, is the theory of evolution. Evolution currently provides an
evidence-based explanation for the history of life on earth, explains the relationships between all
living things, and aids in an understanding of the dependence of life on the environment.
Although the minute details are still being discussed and debated among scientists, the concept is
so well established that it provides a framework for which society can comprehend the workings
of the natural world (AAAS, 1994; National Academy of Sciences, 1998). Also as a result of
this unity, evolutionary theory connects the various scientific branches like chemistry, biology,
and environmental science (Dobzhansky, 1973). It also provides the tools by which the general
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population can understand, and participate in, the social discourse that must take place regarding
influential public policy.
Evolutionary theory has withstood the test of time and endured the scrutiny with which
the scientific community analyzes evidence. Although the acceptance of evolution among
scientists and a portion of the American population is considerable, there is a sizeable portion of
the American public who struggle with accepting evolutionary theory. Through various public
opinion polls administered since 1985, the American public has typically accepted that humans,
as they exist today, developed from earlier/simpler species of animals (Plutzer & Berkman,
2010). In 2014, Pew Research Center, reported that approximately 60% of the American
population state that humans have evolved over time. Conversely, 33% believe that humans
have always existed in their current form and reject evolution as an explanation for life on earth
(Liu, 2014; Miller et al, 2006; Pew Research Center, 2014). This finding was similar in their
2018 study, which reported 31% choosing the creation-based response. Furthermore, 40% of
Americans believe that the earth was created by a deity within the last 6,000 to 10,000 years
(Blancke & De Smedt, 2013). In contrast, 98% of scientists agree that humans and other living
things have evolved over time. Americans do not perceive scientists as having such a high rate
of agreement regarding evolution. In fact, 66% of U.S. adults say that scientists agree that
humans have evolved (Masci, 2017), which is significantly lower than the actual value.

When

compared on a global scale, the United States ranks 31st out of 33 developed countries in public
acceptance of evolution (Miller et al, 2006; Mazur, 2005). Those who reject evolution typically
opt for a religiously based viewpoint (Liu, 2014). This data demonstrates that there is a massive
gap between the scientific community and the American public regarding the theory of
evolution.

As a nation looking to build a competent and effective STEM workforce, the United
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States will not be able to compete with other similarly developed countries unless this gap in
acceptance and the nation’s understanding of the nature of science improves.
The Theory of Evolution
Charles Darwin, considered the father of evolution, first came up with the concept of
evolution by natural selection on his journey on the H.M.S. Beagle to the Galapagos Islands. He
observed different organisms, like tortoises and finches. These organisms looked very similar to
other species found on the mainland but were observed as having features specific to their island
environment. Darwin also noticed that diverse, but ecologically comparable, animal species
inhabited distinct, but ecologically comparable, habitats around the globe. Through these
observations he was also able to infer that organisms evolved over long periods of time through
descent from common ancestors. With further study, Darwin concluded that all species, either
living or extinct, all descended from an ancient common ancestor (Miller & Levine, 2010).
For evolution to take place certain conditions need to be at work. First, there must be a
struggle for existence, and second there has to be variation within a population. Darwin
recognized that all organisms are individuals and have natural variations between them. Since
more individuals are born than can survive, those with variations that provide an advantage in
survival will live longer to reproduce than those individuals without that variation. These
beneficial variations, known as adaptations, can be any feature on an organism that increases
survivability, or fitness. Lastly, the primary mechanism by which evolution takes place, is
known as natural selection. Natural selection is the process by which organisms with adaptations
more suitable for their environment will survive and leave more offspring relative to those
without the adaptation. This process happens to populations over a long period of time based on
the conditions in the environment, and only acts upon traits that are heritable- they are passed
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down from parent to offspring. Once environmental conditions change, so does the effect that
natural selection has on the variations within populations of organisms. Natural selection is not a
movement to perfection, nor moves in a linear path. It is dictated by the conditions of the time
period only. Natural selection does not explain the origin of life, only the mechanism by which
life experiences changes in populations over time. The evidence that is used to support evolution
by natural selection includes biogeography, the fossil record, anatomical structures,
embryological development, and biochemical markers. The level of similarities between
features, geographical location, and genetic information, determines relatedness by identifying
the most recent common ancestor (Miller & Levine, 2010).
What is a Theory?
The many people who disagree, or do not accept evolution, argue that evolution is “just a
theory.” To identify if this statement is valid, an understanding of what a scientific theory
actually is becomes a relevant discussion. The word theory, when used in the vernacular sense,
is often used to mean “tentative,” “guess,” or “supposition.” In this scenario, when people read
or hear about the theory of evolution, they often perceive it to be an idea that is not backed by
evidence. However, this is not the actual meaning of the word theory when used in a scientific
context. A scientific theory is “a deeply established explanation for a broad feature of the natural
world that is well supported by an abundance of critical investigation and resulting evidence”
(Flamer, 2016). The evidence used to support scientific theories can include facts and laws,
inferences made from direct observations, and from experimentation and modeling.
Evolution- Not “Just a Theory”. When discussing a scientific construct, it is important
to establish that science, as previously stated, is a way of knowing about the world and not a
belief system. Scientific constructs are built upon the established norms of the nature of science.
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These constructs are subject to change based on the presentation of new evidence, they
demonstrate durability by withstanding considerable scrutiny from many scientists over an
extended period of time, are supported by evidence, are tested for validity, and can both explain
and predict phenomena seen in the natural world (AAAS, 1994). Through the building of these
constructs from observations and inferences, scientific facts and theories are developed. A
scientific fact is determined from an observation of a phenomena, is often repeatedly confirmed
through scientific studies from multiple sources and confirmed by independent scientists over a
broad period of time. In other words, it is a phenomenon that has been observed so often that its
actuality is no longer being examined (Olsen, 2004). Since theories explain facts, they represent
a greater understanding of the natural world than do observations. Theories are necessary to
explain and incorporate observations into meaningful information.
Evolutionary theory is a comprehensive explanation that assimilates facts from the many
different scientific disciplines, ie,, biology, physics, chemistry, paleontology, and the like.
Examples of these facts include fossil series which demonstrate transition between differing
species over a long period of time, biochemical differences between the DNA of multiple species
showing timelines and relatedness, or similarities in embryological development demonstrating
common ancestry (Miller & Levine, 2010). These multiple lines of evidence point to the
conclusion that life evolves. Furthermore, the evidence is now so persuasive, and having no
contradictory evidence, scientists treat evolution as a reality- it is the cornerstone to
understanding our natural world.
If Not Evolution, Then…?
As previously mentioned, there is a significant portion of the American population that
does not accept evolution as true, and instead opts for a religiously based viewpoint (Liu, 2014).

5

Religiously based ideology surrounding origins is commonly referred to as creationism.
According to several sources, creationism falls onto a broad spectrum of beliefs. Most generally,
it involves the rejection of natural scientific explanations of phenomena in favor of the creation
of organisms via a supernatural entity (Isaak, 2000; National Academies of Sciences, 20219;
Scott, 2009). Specifics such as: the age of the earth, belief in the coexistence of dinosaurs and
humans, the type of deity involved, or interpretation of the fossil record is unique to each
creationist and their personal belief structure. Although people who would identify themselves
as believing in creationism are often Christian, it is not always the case. Many cultures like
Native Americans, Islam, and Hindu subscribe to their own form of creationism similar to the
Christian model (Isaak, 2000).
The most common iteration of creationism, and the one that is currently being touted by
supporters as equally valid as the theory of evolution is Intelligent Design Creationism, or IDC.
This concept was first introduced under the title of the teleological argument by William Paley in
1803 (Isaak, 2000). The teleological argument basically states that the world displays an
intelligent purpose based on knowledge gained by studying nature (Pecorino, 2013). Over time,
Paley’s ideas have evolved into a more modern version- IDC. Intelligent design is the idea that
certain features of the world, the universe, and all living things are best explained by an
intelligent cause, not an undirected process like natural selection (Meyer, 2005).
Is IDC a Science? Although intelligent design focuses on the natural world, it does not
provide an adequate explanation of its phenomena. IDC fails to offer any information on how a
designer might construct different characteristics of life and fails to identify the designer itself.
Secondly, scientific ideas generate inferences about observations of the natural world that could
be used to support or refute data. Since IDC does not specify the designer, nor the means for the
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design, inferences cannot be made about observations- Intelligent design is untestable.
Subsequently, if IDC is untestable, then evidence cannot be gathered to support it. As previously
discussed, evidence is the key component to the formation of a valid scientific theory.
Therefore, these conclusions about IDC are in direct contravention to what a scientific theory is.
Intelligent design is therefore a belief system, accepting a truth as reality in the absence of
evidence, and not a scientific theory ( Scott & Branch, 2002; Kauffman & Sasso, 2006; Coyne,
2006;; Hafer, 2015;). Now that it has been established that religiously based explanations for the
origin of life do not follow the guidelines for what makes something scientific, it is then
important to understand why it is even necessary to understand evolution.
Why does it Matter if Americans Accept Evolution?
Charles Darwin could never have foreseen the depth and breadth to which this concept
can impact the daily lives, and governance, of others. The public needs to understand evolution,
and its primary mechanism- natural selection, to make educated decisions regarding public
policy (AAAS, 1994; NSTA, 2013). Such modern issues include biodiversity conservation and
endangered species, climate change, advancement of medicine and vaccines, agriculture,
pollution, or land management (Petto, 2005; Pigliucci, 2005). Scholarship has demonstrated how
understanding the principles of evolution aid in the understanding of human health and disease,
as well as the importance of scientific and medical advancements (Gluckman et al.,2011).
Furthermore, if society continues to perpetuate non-scientific belief systems instead of scientific
knowledge, they run the risk of electing governmental representatives who are also just as
scientifically uninformed.
A public that is informed can recognize connections between scientific advances and
societal needs as it provides a framework for society to work within in order to solve numerous
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social, cultural, and political issues. One specific example of how evolution has a direct bearing
upon how society makes public policy involves food supply, specifically overfishing of mature
adult fish. In the process of overfishing, smaller fish are being selected for, meaning they are
more likely to survive and reproduce relative to the larger fish which were caught. As a result,
the surviving population of fish has a continually diminishing body size, and ultimately
impacting how large in body size future generations will be. This diminishment of size quality
has a direct and negative impact upon the price of the supply at the supermarket, and a citizen’s
economic purchasing power (Editors, 2009; Pandolfi, 2009). Another example involves
antibiotic resistance. Excessive use of antibiotics and bacterial killing products leads to the rise
of antibiotic resistant strains of bacteria resulting in often fatal infections in people. The
consequence of this overuse involves more than just fatality. It has a direct and negative impact
on the financial burden of an already overtaxed U.S. healthcare system, as well as to the cost of
healthcare to the individual (Ventola, 2015). The average civilian would not be able to fully
understand the complexity of these issues, how they happen, or the importance of dealing
appropriately with them without having a general knowledge, and acceptance, of the
evolutionary process (Fowler & Zeidler, 2016). Never has this been truer than in the case of
Sars-Covid 2, or COVID 19. Leaders and American citizens failed to heed the warnings of
public health experts like Dr. Anthony Fauci. This manifested in refusal to wear masks,
entrepreneurs refusing to close or alter their business practices, and citizens refusing to get a
vaccine that has been proven safe and highly effective. Denying the validity of science harms
the human population, which has been evident in the rate of spread, and the mortality rate, of this
novel disease (Seigel, 2020). These examples are just a snapshot of the impact that
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understanding of evolutionary theory can have on many different and complex social, cultural,
and governmental issues.
Why People Think Evolution is False
The research has currently identified an ability to think analytically, religion, educational
attainment, level of scientific literacy, and an understanding of the nature of science as the
factors which may influence public acceptance of evolution (Heddy & Nadelson, 2013).
Religiosity, or the level to which religion is prioritized (Pew Research Center, 2018), is
negatively correlated to evolution acceptance- the higher the level of religiosity, the lower the
acceptance of evolution. Having a high religiosity is indicative of a lower level of scientific
literacy(Heddy & Nadelson, 2013; Mazur, 2005). Moreover, religiosity in the United States is
more predictive of scientific literacy than income, race, or gender identity (Sherkat, 2011).
Religiosity is an inherently personal choice, and not one that outside influences, like public
schools, are designed to address. The remaining factors, ie: analytical thinking, educational
attainment, level of scientific literacy and understanding of the nature of science can change
through outside influence. It is therefore relevant to first understand what these factors are and
then to look at what the literature says about how they impact acceptance of evolution.
Scientific Literacy and the School System
The ability to think analytically, and one’s level of understanding of the nature of science
are primarily linked to scientific literacy. Scientific literacy is qualified by the National Science
Education Standards as having the ability to describe, explain, and predict natural phenomena. It
involves the ability to read and understand scientific literature found in pop culture, engage in
social conversations about the material, and make valid conclusions. Scientific literacy implies
that a person can identify scientific issues that are prominent in national and local decisions and
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be able to articulate their position in a way that is scientifically and technologically informed. In
order for a citizen to be considered scientifically literate, they should be able to evaluate the
quality of scientific information based on its source material and the methods used to produce the
information. This type of literacy also implies the capacity to pose and evaluate arguments with
peers based on evidence and to apply conclusions they make from such arguments appropriately
(National Research Council, 1996). Having strong analysis skills and understanding how science
works are also necessary for scientific literacy. When looking at all three of these factors in the
literature, the ability to think analytically, level of scientific literacy, and an understanding of the
nature of science, are all positively correlated with acceptance of evolution (Heddy & Nadelson,
2013). For example, there is a positive correlation between the level of scientific literacy and
understanding of the nature of science, and the acceptance of evolution (Nadelson & Sinatra,
2009; Lombrozo et al., 2008; Rice, 2012). These three factors are important components in
understanding the greater issue of what may influence Americans to accept scientific information
and can hopefully allow for inferences as to how those factors can be improved.
Educational attainment is also a factor that can influence acceptance of evolution when
analyzed in conjunction with scientific literacy and an understanding of the nature of science
(Heddy & Nadelson, 2013). Educational attainment is the highest level of education that an
individual has completed. For those that have poor to average educational attainment, religiosity
plays the biggest role in acceptance. However, when scientific literacy, educational attainment,
and development of analytical skills all increase, so does the acceptance of evolution, and this is
after accounting for religious background or political leanings (Heddy & Nadelson, 2013;
Weisberg et al., 2018). Although an individual’s religious predilections are a personal choice, an
individual’s level of scientific literacy, analytical thinking skills, and understanding of the nature
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of science could be addressed through the curriculum and instructional methods utilized by
science teachers in the K-12 public school system.
The teaching of evolutionary theory, the nature of science, and the development of
scientific literacy is taught throughout the PK-20 system. However, considering that many
working adults have not earned a college degree (Ryan & Bauman, 2015; Rissler et al., 2014),
and those that do are not all required to take biology as a requirement of their degree programs,
the primary source of science education lies with the K-12 public school system. It can therefore
be inferred that it is the responsibility of the public school to deliver quality science education
year-on-year in an effort to cultivate the student’s knowledge and understanding of science.
What the research has shown is that understanding evolution is essential to the acceptance of it,
and that teaching evolution is a necessary component to increasing public acceptance (Shtulman
& Calabi, 2008). Looking at the high school level, there have only been few studies on the
impact of high school education on the acceptance of evolution. However, the few that do exist
demonstrate that early exposure to evolution-based curricula increases scientific literacy. Also,
students who are taught only about evolution, and its related principles, are more likely to accept
it than students who are taught evolution and creationism in conjunction, or creationism
independently (Moore & Cotner, 2009; Moore, 2008). These findings support the hypothesis
that the K-12 system is highly influential when it comes to the development of scientific literacy
skills among students.
The literature indicates that the teacher is the most important school-based factor when it
comes to student learning outcomes (Goldhaber & Anthony, 2003; Goldhaber, 2016). K-12
teachers theoretically have a substantial role in regard to improving student understandings in
evolutionary theory, the nature of science, and with regard to developing scientific literacy skills.
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Based on the previously discussed disconnect between the level of acceptance of evolution
within the scientific community and the level of acceptance of evolution among the American
public, coupled with the variations observed in the teaching of evolution in the classroom, it can
be inferred that the average high school teacher is not teaching the nature of science and
evolutionary theory in an effective way. Teachers spend anywhere from 5 to 15 hours teaching
evolution (Berkman & Plutzer 2010), which represents a significant variation in hours between
instructors. Scholarship has also shown that a teacher’s perspective about their subject matter
impacts their instructional choices (Carlesen, 1991). This means that a teacher’s acceptance of
evolutionary theory has a possible negative impact on student learning, especially considering
that student knowledge structures have been found to be similar to their teachers (Bates, 1976;
Diekhoff, 1983). This may be further supported by the fact that the gap in acceptance between
the scientific community and the American public remains consistent over time.
Scholarship has identified several factors which may influence how the nature of science
(NOS) and the theory of evolution is taught. These include the religiosity of the teacher, the
standards the state/district has adopted, community pressures, and teacher preparation programs.
Although all of these factors will be addressed in this study, the area of focus will be teacher
preparation programs (aka: pre-service training) and their relationship to teacher curricular
decisions regarding evolution. The foundational study that will be leveraged in this research
was conducted by Michael Berkman and Eric Plutzer in 2007 They wanted to identify how
teachers teach evolution in their classrooms and to what extent the aforementioned factors
influenced their practice. They specifically wanted to identify how taking an evolutionary
biology class during pre-service training impacts those teaching practices. Through their survey
research they were able to do an in-depth analysis of standards, religion, community attitudes,
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and education, as well as identify if there was a pattern between those factors and teacher
instructional behaviors. There were two major take-aways. First, they found that teacher
instructional practice fell into three different groups: those who only teach evolution, those who
only teach creationism, and those who fell into neither category. Secondly, they identified that
educational background, specifically if the teacher took an evolutionary biology course, has had
a direct impact on the teacher’s instructional practices (Berkman & Plutzer, 2010). This study
was conducted over a decade ago, and as will be discussed in more detail in the literature review
in chapter 2, had several limitations that need to be addressed. My study will look to provide an
update to the data from a densely populated state with varying socio-economic backgrounds, as
well as address the limitations of the Berkman and Plutzer study (2010),. which predominantly
focused on the lack of detail requested regarding teacher preparation. One area they surveyed,
teacher confidence, was not specifically analyzed, so I will be also looking to add that influential
factor to my analysis. By updating the data available and addressing the limitations of the
previously conducted study, my study will further the literature by identifying whether or not the
same factors influence teacher practice in today’s population as well as delve more deeply into
the minutia of those influences. Furthermore, by developing an understanding of how teachers
are trained through their preservice experience, and not just the completion of an evolutionary
biology course, it may be possible to identify in more detail if there is a relationship between that
training and their propensity for teaching evolution. Consequently, more appropriate teacher
preparation programs may be developed to address instructional differences with the overarching outcome being that student scientific literacy, student understanding of the nature of
science, and thereby student acceptance of the theory of evolution will all improve.
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This study aims to determine how teachers teach evolution-based curricula in the state of
Connecticut, and if there is a relationship between how teachers teach evolution and predictors
identified in the literature as having an influential effect. The research questions for this study
are as follows:
1. How much do Connecticut teachers incorporate evolution-based curricula, and/or
creationist curricula, in their instructional practices?
2. To what extent does the exposure to evolution coursework, and the experience of the
teacher during their preparation program, predict evolution instruction patterns in the
classroom when controlling for and compared to standards, teacher religiosity, and
community attitudes?
a. Experience includes type and amount of science based vs pedagogy based
coursework required of their preparation program, the practicum experiences of
the teacher during their program, the level of influence of the mentor, what the
teacher believes regarding how their program prepared them to deal with
student-based evolution questions, and what the teacher believes regarding how
their program prepared them to teach evolution
3. To what extent does teacher self-efficacy predict evolution instruction patterns in the
classroom when controlling for and compared to standards, teacher religiosity, and
community attitudes?
The goal of the first research question is to determine the variation that exists between teachers
and their instructional practices. Teachers are the bureaucratic agents in their classroom and as
such have autonomy to decide how to implement the state’s guidelines on curriculum and
instruction (C&I). Although all teachers are supposed to adhere to the same guidelines on C&I,
they often make decisions based on their own educational experiences, understandings, and
personal preferences (Berkman & Plutzer, 2010). Collecting data from a socio-economically
diverse population of teachers in the state of Connecticut will allow me to determine what
variation exists in the population. These variations could include the number of hours spent
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providing evolution or creationism based curriculum, teacher beliefs regarding the validity of the
theory of evolution, their understanding of the nature of science, and the types of topics within
evolution curriculum that they cover. It could also include the confidence with which teachers
teach evolution, and their ability in addressing student questions. Furthermore, I will be able to
establish the teachers level of adherence to the goals of evolution acceptance established by the
National Academies of Science.
The goal of the second research question is to understand if there is a relationship
between the experiences of the teacher during their preparation program and their instructional
preferences regarding evolution and their adherence to the NAS goals. These experiences
include such factors as coursework requirements (ie: Were they required to take science classes
and if so what types), the number of practicum hours, their belief in the effectiveness of their
program in preparing them for dealing with student questions and misconceptions, or their belief
in the effectiveness of their program in preparing them for teaching evolution content. This will
be in conjunction with control variables like religiosity, standards, and community attitudes.
The third question seeks to determine what relationship exists between teacher practices,
hours spent teaching evolution, NAS goal adherence, and teacher self-efficacy. Self-efficacy
focuses on teacher confidence regarding beliefs of self and beliefs of perception. This question
will also include the control variables identified in the second research question, religiosity,
standards, and community attitudes.
Conclusion
In chapter 2 of this paper, I discuss the legal history of creationism and evolution in the
classroom. I also discuss why creationism/IDC is not legally allowed to be taught in the public
schools, beyond the scientific reasons previously mentioned, as well as provide an in-depth
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analysis of the literature regarding the influential variables identified above. In chapter 3, I
discuss the methods of the study, the survey instrument being used to collect data, and a
discussion of the sample population. I also discuss the data analysis methods that were used
when working to answer my research questions. Chapter 4 provides a discussion of the results
and links the information discussed in the literature review to the findings of this study. Chapter
5 discusses limitations of the study, what broader conclusions can be made about the research
questions and their relationship to the body of knowledge regarding evolution education in the
public-school system, and implications for future study.
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Chapter 2- Literature Review
To be scientifically literate means to understand how to leverage scientific concepts, like
the nature of science and evolutionary theory, in order to recognize how to address current event
issues like climate change and antibiotic resistance. Based on polls conducted by the Pew
Research Center for the last three decades, a considerable portion of the American public does
not accept evolutionary theory as the explanation for the presence of humans, or other organisms,
on Earth (Pew Research Center, 2018). Based on prior research discussed in Chapter 1, it is the
public-school educator who could have the greatest influence upon how our country perceives,
and accepts, evolution. This chapter will begin by discussing how evolution curricula has
historically been treated, as well as key court cases related to the evolution-intelligent design
issue. Then, I will analyze the literature concerning how science instructional methods matter.
I will finish the literature review by analyzing the contributing variables studied in previously
conducted research, and how they influence teacher instructional practice. The goal of this study
will be first to determine if the study population experiences similar influences in instructional
practice as discussed in the literature. Secondly, it will be to see if, and how, a teacher’s
educational experience shapes their understanding of the nature of science and the theory of
evolution, as well as possibly providing a predictive measure for how teachers will provide
evolution-based instruction, when controlling for those other influential variables.
Evolution in the Classroom: A Historical Perspective
Charles Darwin published “On the Origin of Species” in 1859. It took only
twenty years for the theory of evolution by natural selection to make it into the first set of
textbooks (Larson, 2003).

High school zoology classes began evolution instruction by1870 and

a broad scale requirement that high school teachers only teach evolution occurred as early as
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1904 (Lloyd & Bigelow,1904) By the early 20th century, evolution was found in a multitude of
high school science textbooks, and the concept itself was held in high esteem by high school and
college instructors alike (Larson, 2006). Even though religious ideologies had been the
prevailing instructional method up until this point, now public high schools were only teaching
evolution. In fact, the cultural and educational expectation was that creationist-based ideologies
were no longer a part of the curriculum and were thus removed from the textbooks entirely
without opposition (Larson, 2006). The theory of evolution remained a prominent fixture in
American education up until the 1920’s. Around this time two major events occurred. The
school system expanded to include a secondary education system, and at the same time the antievolution movement was established (Larson, 2006). This movement utilized four strategies to
marginalize or remove evolution curricula in favor of creationist curricula from the secondary
school classroom. These strategies included a ban on the teaching of evolution, the demanding
of equal treatment of evolution and “creation science,” the formation of policies requiring
disclaimers to be read or posted before teaching evolutionary theory, and the invalidation of
science education standards (Armenta & Lane, 2010).
The earliest efforts to prevent evolution education, and the first strategy taken by the antievolution movement, involved legislative bans on the teaching of the subject altogether. The
64th general assembly of Tennessee passed a bill in 1925, the Butler Act, which prohibited the
teaching of evolution theory in all publicly funded schools and universities (University of
Missouri- Kansas City, 2013), and included removing evolution from all textbooks (Berkman &
Plutzer, 2010). The Butler Act became a prominent piece of legislation when high school
biology teacher, John Thomas Scopes, was charged with teaching evolution to his high school
students. Due to this Act, teaching of evolution was a misdemeanor and punishable by fine.
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Although Scopes lost the case and was subjected to a $100 fine, the case did present many
questions about the Butler Act and the role of religion in schools by the Tennessee state supreme
court (History.com editors , 2019; Larson, 2006). Anti-evolution statutes like the Butler Act also
plagued the education system in other southern states like Arkansas, Oklahoma, and Kentucky.
However, the challenge to these statutes came in 1968 with the Epperson v. Arkansas case. The
state of Arkansas had adopted an anti-evolution statute in 1928 that made it unlawful for any
teacher, or a publicly funded school or university, to teach Darwin’s concept of descent with
modification, or to promote this curriculum through the adoption of a related textbook. A
teacher, Susan Epperson, sued the state of Arkansas stating that the statute violated her First and
Fourth Amendment rights. Although the state initially denied her claim, the United States
Supreme Court overturned that ruling. (Epperson, et al. v. Arkansas, 1968; Armanta & Lane,
2010). The United States Supreme Court held that this anti-evolution statute violated the rights
set forth in the Establishment Clause and freedom of speech that are guaranteed by the First
Amendment of the United States Constitution. Preventing teachers from discussing the theory of
evolution purely because it contradicts a belief based on the teaching of a religion is not
justifiable (Brownfield, 2007). The Epperson v. Arkansas (1968) case was groundbreaking in
that it set a precedent for the use of the Establishment clause in determining the validity of
claims in similar cases.
The next stage of the anti-evolution movement took shape via policies or legislation that
required equal time be afforded creation/intelligent design. The case of McLean v. Arkansas
Board of Education (1982) and Edwards v. Aguillard (1987) both dealt with legislation designed
to provide equal time to both evolution curricula and creation curricula. These acts stipulated
that both subjects had to be taught if evolution was taught. It was believed an antagonistic
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environment was created for religious students when only evolution was presented in the
classroom (Armenta & Lane, 2010). As precedent dictated, it was unconstitutional to teach
religion in the public-school system as it violated the Establishment clause. The requirement of
balanced treatment outlined in the Arkansas state statute, combined with the ban on instruction
of the religious account of the development of organisms by the Supreme Court, resulted in a
complete prohibition on the teaching of evolution (Shih, 2007). In both cases, McLean v.
Arkansas Board of Education (1982) and Edwards v. Aguillard (1987), the statutes were struck
down citing that they were unconstitutional, and were deliberately attempting to advance
religious beliefs, and that the respondents failed in their attempts to show that creationism was a
science (Armenta & Lane, 2010).
In judging both Edwards v. Aguillard (1987), and McLean v. Arkansas (1982), federal
courts have generally relied upon the endorsement test established by Justice Sandra Day
O’Connor (Lynch v. Donnelly, n.d.) and the Lemon test established in Lemon v. Kurtzman
(1971) to decide the constitutionality of the challenged state actions (Shih, 2007). For
governmental action to be deemed constitutional under the Lemon test it must: 1) have a secular
purpose; 2) have a primary effect that neither advances nor inhibits religion; 3) not foster “an
excessive government entanglement with religion” (Lemon v. Kurtzman, 1971). The
endorsement test asks whether a government action amounts to an endorsement of religion.
According to O’Connor, a government action is invalid if it creates a perception in the mind of a
reasonable observer that the government is either endorsing or disapproving of religion (First
Amendment Center, 2011).
The third tactic of the anti-evolution movement attempted to marginalize the legitimacy
of the theory of evolution by requiring that teachers read a disclaimer immediately before
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teaching evolution, and in some cases, promote intelligent design creationism in conjunction
with this disclaimer. This attempt was addressed in cases like Freiler v. Tangipahoe Parish
Board of Education (1999) and Kitzmiller et at. v. Dover Area School District (2005). In the
case of Dover Area School District, the board had passed a resolution which required all biology
textbooks to contain a disclaimer. Teachers were also required to verbalize this disclaimer at the
beginning of the school year. The aim of this resolution was to make students aware of supposed
gaps in Darwin’s theory of evolution by introducing intelligent design as an alternative (Armenta
& Lan, 2010). The teachers refused to make any statements to their students regarding this
disclaimer. Also, in response to this disclaimer, parent Tammy Kitzmiller filed a lawsuit against
the school district because she believed they were violating her constitutional right to separation
of church and state (Lebo, 2008). The findings of the Kitzmiller v Dover (2005) case were
pivotal in preventing religious doctrine from being embedded into school curriculum because it
identified that intelligent design is not science. Furthermore, IDC is considered a type of
creationism and cannot be separated from its religious antecedents. It is a violation of the
Establishment clause (Kitzmiller v. Dover, 2005).
The most recent effort on behalf of the anti-evolutionist groups has been to invalidate
evolution by claiming that the state standards promote an atheistic world view. A recently
dismissed case in the state of Kansas involved a complaint filed by citizens of the state and a
representative organization, Citizens for Objective Public Education (COPE). COPE et al.
(2015) claims that the adoption of the Next Generation Science Standards (NGSS) by the state
board of education would result in an establishment of a non-theistic religious worldview that
violates the Establishment Clause (COPE et al. v. Kansas State Board of Education, 2013). The
plaintiff made the claim in their initial filing of complaint that the standards set forth in the
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NGSS are religious in nature, and therefore the state could be viewed as disapproving of religion
by establishing a non-theistic based doctrine. The state responded that COPE cannot prove that
secular scientific principles are religious. The case was dismissed in late 2014 by the state, a
ruling which was also upheld on appeal by the state and federal Supreme Court. (COPE et al. v.
Kansas State Board of Education, 2015).
Ever since Scopes in 1925, the war over the teaching of evolution has not diminished. From
state statutes banning the teaching of evolution, to the promotion of “equal-time”, to whether
disclaimers should be read or placed in textbooks, and now to the marginalization of evolution
through the discrediting of science standards, anti-evolution groups will continue to oppose the
implementation of evolution curricula in the public school sector. Ultimately, the courts have
served as the arbiters of what is allowable and what is not. For the most part, courts have
consistently ruled against efforts to endorse or promote religion, as demonstrated in cases like
Kitzmiller v. Dover (2005) and Edwards v. Aguillard (1987). Likewise, they have frowned upon
school districts and states that try to promote religion under the pretense of balanced treatment,
academic freedom, or equality. Legally, teachers have the right to teach science and do not have
the right to teach creationism/IDC, then why do teachers still struggle with its instruction? Does
it really matter how a teacher teaches evolution?
How Evolution is Taught Matters
Evidence shows that despite legal precedent restricting the teaching of creation in public
schools, the inclusion of creationism is surprisingly common. In fact, students claim that
approximately 25% of biology courses include creationism, which is a consistent finding in the
literature (Moore & Kraemer, 2005; Moore, 2008; Bowman, 2008), but the impact of this
instruction was largely unknown until a study was conducted by Randy Moore and Sehoya
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Cotner (2009). They set out to determine if there is a link between how evolution and
creationism are treated in high school and their choice of science major in college, and their
ideas about creationism and evolution when they enter college. The study population included
over 1000 respondents enrolled in introductory level biology courses at a major research
university in the mid-west. The survey included the MATE (Measure of the Acceptance of the
Theory of Evolution) instrument, which is a well validated and reliable survey used in a
multitude of studies and works to demonstrate the person’s understanding of the nature of
science, understanding of the theory of evolution, and acceptance of the theory of evolution.
They discovered that biology majors were more likely than non-majors to have taken a high
school biology class that included evolution (Moore & Cotner, 2009). Moore and Cotner (2009)
were also able to determine that students who took a high school biology class that included
creationism-based curricula, with or without evolution-based curricula taught along-side, were
more likely to accept creationism-based responses than students whose biology class only
included evolution. This is irrespective of student religious background (Moore & Cotner,
2009). This suggests that by teaching a non-scientific principle in a science class, teachers may
influence what a student perceives as science since creationism is given “space at the table”.
Although this study only looked at a small, non-representative sample, it does indicate that high
school biology classes do leave a lasting impression on student’s ideas of evolution and the
nature of science. Moreover, student misconceptions remain perpetuating the lack of
understanding of the concept (Moore & Cotner, 2009).
Effective evolution instruction is linked with both understanding and acceptance of
evolution. A literature review conducted by Lloyd-Strovas & Bernal (2012) was able to
determine that instruction has a significant and positive effect on acceptance and understanding
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of evolutionary theory. Although the fifteen studies they analyzed all had small sample sizes,
varying methodologies, and lack of statistical analysis, they do all agree that the teacher plays a
key role in evolution acceptance. A study conducted in response to the Lloyd-Strovas & Bernal
(2012) literature review tried to determine if there is a perceived change in student understanding
and acceptance of evolution when exposed to a role model. If the students find a connection
with their instructor, ie: the instructor is of similar religious beliefs, similar sex or race,
acceptance of evolution and their perceived conflict with evolution and their personal beliefs
decreases (Holt et. al, 2018). These studies enforce previously done scholarship that has shown
that knowledge acquisition and meaning-making of that knowledge approximates that of their
teachers (Bates, 1976; Diekhoff, 1983). The findings of this study further support the idea that
student acceptance of evolution is predicated on their exposure to evolution-based curricula in
their high school biology coursework.
How Teachers Teach Evolution: A Conceptual Framework
Although scholarship has proven that the teacher is a significant influence in acceptance
of evolution, not all teachers teach evolution. Teacher instructional practice is not consistent
between teachers, schools, districts, or states. The literature shows inconsistencies in instruction
regarding evolution curricula as reported through both teacher survey responses and student
survey responses (Moore, 2007; Moore, 2008). Some teachers teach only evolution, and other
either evolution and creationism or only creationism, despite the latter being unconstitutional
(Moore, 2007; Rutledge & Mitchell, 2002). The literature that worked to determine how
teachers teach evolution only looked at instructional practice itself, or on one potentially
influential variable. They were also typically state specific, had small sample populations, or
are considered too old to be relevant to the changing education landscape. A groundbreaking
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study discussed in the book Evolution, Creationism, and the Battle to Control America’s
Classrooms (Berkman & Plutzer, 2010) worked to aggregate the information found in the
literature by doing a comprehensive study of high school biology teacher’s beliefs and practices.
They further sought to determine how teachers teach evolution and if there are mitigating factors
that influence this instruction by conducting a nationwide study. To establish their research
questions Berkman and Plutzer did background work by analyzing previously collected survey
data to identify what factors influence people to accept or reject evolutionary theory. They
determined from previously collected data that religious tradition, or the adherence to religious
doctrine, is negatively correlated to acceptance; the more stringent the individual’s religious
traditions, the less likely they are to accept evolution. They were also able to determine that
general cognitive ability and level of scientific literacy is not correlated to the rate of acceptance.
They were, however, able to identify that educational attainment and urbanization level can be
positively correlated to acceptance. Berkman and Plutzer also looked at survey data focused on
state-by-state acceptance of evolution by doing a multi-level regression model. Even though
they found variation between states on acceptance of evolution, with a handful of southern states
having the lowest acceptance and New England having the highest acceptance, they learned that,
even in places that are the most liberal, no more than half accept evolution. From this
information, Berkman and Plutzer wanted to determine how states approach curricular standards
(Berkman & Plutzer, 2010). Just as with previous scholarship (Lerner, 2000; Skoog & Bilica,
2002), the researchers were able to identify using regression analysis that standards vary by state,
and even between neighboring schools. The scholarship described above was lacking in several
areas. The survey data is too old or taken from only individual states instead of being national,
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and some states have never been studied. Also, many of these previously conducted studies used
incomparable measures, or lacked scientific survey methods (Berkman & Plutzer, 2010)
From all this background research, Berkman and Plutzer (2010) formulated the research
question for their original study: Do standards influence the choices made by individual
classroom teachers and the instruction received by students? Whether or not a teacher deviates
from the state standards could explain the differences in acceptance between states. They
hypothesized they might find a substantial number of teachers that deviate from the prescribed
standards and lessons. If they deviate, these researchers wanted to know why and how they
deviated. To answer these questions, they surveyed 926 teachers from across the United States
(Berkman & Plutzer, 2010). The information the researchers gleaned from this survey revealed
far more than just information concerning state standards. It also exposed glaring variations that
exist between teachers and sought to understand what exactly could be influencing this variation.
This study will be used as the inspiration of my study, with a significant portion of their original
survey used as a basis for my own survey.
Findings of the 2007 B&P Study. Teachers were asked to report several different things
in the Berkman and Plutzer survey (2010), which included items like the number of hours they
devoted to human evolution, number of hours devoted to general evolutionary processes, and
number of hours devoted to Intelligent Design Creationism. They also asked questions regarding
the standards, teacher beliefs, teacher understanding of the nature of science, and very briefly
about teacher education. The authors first summarized the number of hours devoted overall,
which was almost 14 instructional hours that are specifically to evolution. Only 1% reported not
teaching at all, and 17% do not cover human evolution (Berkman & Plutzer, 2010).
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The amount of time spent teaching evolution is only a portion of the picture. In order to
get a better understanding of how teachers navigate the political waters of evolution education,
the researchers asked questions regarding how the teacher provides evolution themed instruction.
Specifically, they wanted to know how many teachers embraced instructional strategies that
would be in-line with the position of the National Academies of Sciences (NAS) and other major
scientific organizations. They used the adherence to the NAS position as a guidepost to organize
the variation they observed between teachers, which helped to simplify their analysis of the data
they collected concerning the other variables. The NAS position on evolution includes that there
is no dispute that evolution has occurred, that in order to understand other scientific concepts one
must have a proper understanding of the evolutionary process, and that evolution should be
approached as a unifying theme in a general biology class. Within their study population, the
researchers found that 74% of teachers emphasize the fact that evolution has occurred, but less
than half of that group strongly agrees with that statement. That means that only 1 in 3 biology
teachers approach evolution as an undisputed scientific concept. Furthermore, they found that 1
out of 5 teachers do not emphasize this point at all; they outwardly reject the fact of evolution
and share their skepticism with their students (Berkman & Plutzer, 2010).
Two survey items were used to address the third position of the NAS, that evolution
should be taught as a unifying theme in all general biology classes. One was a Likert response to
the statement “I believe it is possible to offer an excellent general biology course for high school
students that includes no mention of Darwin or evolutionary theory”. This prompt has two
goals; determine if the teacher has the desire to remove evolution entirely from the curriculum,
and how much they adhere to the key goal of the NAS. The researchers found that 12% of
teachers believe that an excellent biology class can exclude evolution entirely. The last prompt
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the respondents were asked to rank was “Evolution serves as the unifying theme for my course.”
62% of teachers reported in agreement with this statement, with 26% strongly agreeing.
Through analysis of these three items, Berkman and Plutzer were able to make three
conclusions: 1) there is a strong linkage between the adoption of the NAS position on evolution
and the amount of time the teacher spend providing evolution-based instruction, 2) only 12%, or
1 in 8, are teaching evolution in a manner totally consistent with the recommendations of the
most prominent national scientific organizations, 3) More than half the teachers rejected one or
more of the three NAS positions (Berkman & Plutzer, 2010). Teachers who were found to reject
evolution instruction, or were found to minimize it, found ways to avoid teaching it altogether.
Berkman and Plutzer learned that these types of teachers will avoid teaching different aspects of
evolution. Specifically, these teachers usually justify teaching microevolution because IDC
leverages these mechanisms as support for creationism and are more difficult to dispute. These
teachers however will purposefully avoid macroevolution because it is more controversial and
outwardly rejected by believers in IDC. This group of teachers will also use pacing to justify not
teaching evolution or teaching it minimally. They will also downplay the topic’s importance by
allowing for “not believing” in evolution and only knowing enough to pass the exams (Berkman
& Plutzer, 2010; Berkman & Plutzer, 2012).
Plutzer et. al 2019 Study. In 2019 Eric Plutzer, along with National Center for Science

Education leaders Ann Reid and Glenn Branch, administered a similar survey to the 2007
original which included many of the questions from that survey. They also looked at a nationally
representative sampling to determine what changes could be observed in the number of hours
spent teaching evolution and creationism, as well as how much teacher mentality had changed in
a little over a decade. Although the survey instrument used was similar to the original, the
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questions were more geared towards establishing changes in curriculum and instructional
practices and how the population of teachers have changed over time. Their findings indicate
that the adoption of the Next Generation Science Standards, along with changes that have
occurred to teacher preparation programs and professional development opportunities over time
have contributed to a reduction in both the amount of time spent teaching creation and an
increase in the amount of time spent teaching evolution. They also learned that teachers are
overall emphasizing the broad consensus that evolution is a fact, even as scientists disagree about
the specific mechanisms through which evolution occurred (Plutzer at al., 2020). This is one of
the goals of evolution acceptance established by the National Academy of Science and a key
indicator of teacher understanding of the nature of science.
Limitations of the Studies. The study conducted by researchers Berkman & Plutzer in
2007 and discussed in their 2010 book Evolution, Creationism, and the Battle to Control
America’s Classrooms had a few limitations. The authors divulged that their sample population
had an over-representation of the Midwest and sub-rural communities. This may have skewed
the results in that population density of a given area does experience differences in influences on
teachers and their practices. For example, teachers in urban districts are less likely to be affected
by religious beliefs that those in rural or sub-rural districts, which is a variable that has been
shown to impact a teacher’s instructional practices. Although the researchers believe this skew
is insignificant, they did make a note of it in the presentation of their findings (Berkman &
Plutzer, 2010).
One line of questioning involved teacher preparation. Specifically, the researchers
wanted to know how many credits of science courses the respondents took, and if the teacher
took an evolutionary biology course in their program. Although this is not a limitation addressed
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by the authors, I believe there is more to explore in this area to better determine if teacher
preparation has an influence on teacher practice. The questions they asked were simple but nondescript and provided no inspection of how they were taught, their practicum experience, or their
program structure. The researchers also looked at teacher confidence, but only asked two
questions regarding their general scientific knowledge in the area of current events, and the
ranking of their evolution knowledge in comparison to their peers. Confidence with evolution
has been linked to acceptance in previous scholarship (Ha, 2011) and teacher confidence has
been shown to be linked to their likelihood of teaching it to the NAS standards (Berkman &
Plutzer, 2010). As this is the primary focus of my study, expanding on these questions will
hopefully provide a clearer picture of the influential nature of the educational experience upon
teacher curricular and instructional decision.
One of the influential variables that the researchers studied involved how much standards
influence the variability observed in instruction. At the time of the survey administration,
Berkman & Plutzer did not know what little influence standards had on teacher practice as they
are both political science researchers and not education researchers. They believed that all
teachers knew the state standards and modeled their practice after them. They discovered during
their analysis that only new teachers seem to have a moderate to strong knowledge of state
standards, and that experienced teachers were only slightly aware of the standards. They
expressed that had they been aware of this prior to administering the survey, they would have
asked more questions about teacher understanding, and use, of standards to get a better picture of
their applicability to teacher practice. One goal of my study will be to expand the questioning in
this area to see what more can be learned about standards and their impact on teacher practice. I
also hope that with more clarity in questioning I can control for this variable when added to a
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multiple regression looking at the influential nature of educational experience on instructional
practice.
The follow-up study conducted by Plutzer et al.(2020) only sought to determine the
curriculum and instructional changes that had occurred in the teaching population since the
initial stud in 2007. Although they looked at the number of hours spent teaching evolution and
creation, and also established the change in the acceptance rate of the three goals of evolution
acceptance established by the National Academy of Sciences, they did not spend time looking at
the factors which influence this rate of acceptance. The authors did, in their analysis and
conclusion, spend time discussing possible explanations for the changes they observed in their
population. They postulated that the shift to the NGSS played a role in the level of significance
evolution played in the instructional practices of teachers as those standards establish a
significant amount of curriculum that should be devoted to evolution. They also identified that
the retirement of the aging workforce coupled with the influx of new teachers who have
experienced greater emphasis on science in their preparation program could also explain this
shift in perceived instructional practices. However, these are only potential explanations and not
the goal of their study. As previously stated, analysis of the characteristics of the teacher
preparation program which may have contributed to these shifts was not done and may shed
greater light on how changes in these programs positively influence these practices.
A Study of Influential Variables
The study of teachers and their instructional practices regarding evolution, a teacher’s
understanding of evolution and the nature of science, and the factors which may influence these
issues are not new to the literature. As with Berkman and Plutzer (2010), researchers over the
past thirty years have looked at religiosity, state standards, community attitudes, and teacher
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preparation as influential factors of instructional practice. The remainder of this chapter will
look at what the literature says regarding these factors, as well as the results of the Berkman &
Plutzer study (2010), which has helped contribute to our understanding of the literature.
Standards. Academic standards are established at the state level and are designed to be
the cornerstone for teacher curriculum and instructional methodologies. Standards also provide
guidelines for state adopted textbooks and other resources used in the classroom. Moreover,
standards also provide a uniformity for schools, districts, and states to ease transition and make it
possible to compare student performance between states. For the last 20 years, analyses have
been done of the science standards at the state level to determine how standards are organized,
their use of content and level of rigor divided by topic, and level of clarity and specificity
(Lerner, 1998; Lerner, 2000; Lerner et al., 2012). Lerner believes, based on his analysis, that
state standards are mediocre to poor as they often undermine evolutionary theory, have a
propensity for being vague, lack in the area of scientific inquiry, and do not include any
mathematical analysis (Lerner et al., 2012). . Between his initial analysis in 1998 and the most
recent analysis in 2012, states are typically handling evolution curriculum better today than in
previous years, however, there are still many anti-evolution pressures that continue to threaten
the quality of the state standards (Lerner et al., 2012).
Previous scholarship has demonstrated that there is a marked difference between states
and their science education standards (Skoog & Bilica, 2001; Bandoli 2008). Using this as a
basis, researchers hypothesized that if standards were more explicit, then classrooms that adhered
to those standards would spend more time on evolution-themed lessons, and the teachers would
be more likely to emphasize evolution throughout the year. Based on research conducted by
James H. Bandoli (2008), it has been found that instruction of evolution-based curricula in public
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schools is not influenced by state standards. Berkman and Plutzer (2010) spend a chapter
devoted to analyzing the quality of standards, discussing the issue of principal-agent, and how
this influences instructional practice. The authors make the argument that the top-down model
of bureaucratic control where the state writes and approves of state standards, it is the teacher-asagent that is responsible for implementing the standards. This implementation process, and the
meaning of the standard, is typically dictated by the teacher and not necessarily how the standard
was intended by the state authors. The state generally does not have influence upon how
standards are adopted because of teacher autonomy as the agent (Berkman & Plutzer, 2010). In
fact, when comparing teachers of all disciplines, it has been shown that science teachers retain
more control over curriculum content than teachers of other subjects. This means that the
curricular decisions of science teachers have more influence upon student understanding as it
relates to instructional behaviors (Stodolsky & Grossman, 1995). Berkman and Plutzer also
concluded that although there is variation in the number of hours spent teaching evolution and
their likelihood of adhering to the NAS guidelines, the differences in state standards only
accounted for a small percentage of those observed variations. Moreover, the presence of high
standards for evolution education is seemly unrelated to the quality of evolution instruction
(Moore, 2002; Berkman et al., 2008).
The conclusion from the literature may change through the progress of time due to the
creation of the Next Generation Science Standards (NGSS) in 2012, and their subsequent
adoption by the states (National Research Council, 2015). The framework for the standards were
designed with the knowledge that previous standards iterations were highly lacking in many
areas, and, as a result, were producing students ill-equipped to understand the nature of science.
Due to the recent nature of their adoption, no research has been conducted to determine if they
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contradict previous findings regarding the quality of standards and their impact on teacher
instructional practice regarding evolution-based curricula. Lerner has also not released his most
recent evaluation of the standards, which was due for publication some time in 2020/2021.
Future research might shed light on whether this has a favorable impact on instructional practice.
Community Attitudes. A second variable that may be considered significant is the
attitudes the community holds in relation to evolution and how that may influence how teachers
provide instruction. Teachers are more affected by attitudes of community stakeholders than
they are to state standards regarding their C&I decisions. Studies have shown that local cultural
norms and political ideologies influence the educational process (Percival, Johnson, & Neiman,
2009; Whitford, 2002). Unfortunately, this variable has very little literature which addresses this
issue directly. Berkman and Plutzer (2010) acknowledged the lack of research in this area and
spent a chapter in their book discussing it and presenting their data. They had several questions
in their survey which addressed this factor. They focused their attention on how teachers, and
the communities in which they teach, share similar values, on how teachers perceive pressure
from various stakeholders in their communities and districts, and on contextual effects- how
community values influence teaching practices.
Teachers are not randomly distributed across classrooms, they are value-matched to their
district through non-random selection. One of the easily identifiable sources of value-matching
observed between teachers and community is through the hiring process. This is a double-edged
process in that districts search for candidates that match their agenda and ideals just as teachers
looking for employment will search for districts like the communities of their childhood
(Berkman & Plutzer, 2010). To get a better picture of community influences on teacher practice
Berkman and Plutzer (2010) used a measurement that looks at the level of
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cosmopolitanism/traditionalism in the population. Public opinion concerning evolution reflects
the social and religious composition of that state (Berkman & Plutzer, 2010). The researchers
learned that biology teachers in the most cosmopolitan districts were almost twice as likely to
have completed a course in evolution compared to those teaching in the most traditional districts.
Cosmopolitan versus traditionalism, established by Berkman and Plutzer (2010), combines
educational attainment and association with a religious doctrine; the higher the educational
attainment of a geographical region, and the lower the association with religious doctrine, the
more cosmopolitan it is. In terms of academic credits and attainment of a graduate degree,
teachers in the most cosmopolitan districts have considerably more formal qualifications than
those teaching in districts with religiously conservative Christians. These teachers are also more
than twice as likely to accept an organic explanation for the evolution of organisms. Conversely,
nearly four in ten teachers in more traditional school districts teach the belief that God created
human beings in their current form in the last 10,000 years. Traditional districts and
cosmopolitan districts hire according to their own values and norms. This could be because local
districts are not looking to spark controversy, or incite parent issues (Berkman & Plutzer, 2010).
Berkman and Plutzer’s findings are confirmed in a study done a few years later by
Richard Howarth in 2012. Howarth set out to understand if the community played a significant
role in evolution instruction by comparing a community in Massachusetts with a community in
Texas. Through his mixed methods study Howarth (2012) was able to demonstrate that
communities that have deeply seeded literalist religious practices as a component of their culture
are more likely to reject evolution and evolution instruction in the classroom. This finding was
unique to his Texas testing site. He also found that although religion was also a part of the
community in Massachusetts, it did not have the same impact on how teachers provided
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evolution-based instruction. Howarth (2012) posited that even though some Texas teachers
wanted to teach evolution appropriately, the community created an atmosphere in which they did
not feel confident, or comfortable, with teaching the subject, and that a non-supportive
environment most likely induces stress for the educator. This finding was not applicable to the
teachers in Massachusetts.
Howarth (2012) was also able to demonstrate a link between the understanding of the
nature of science, and of the topic of evolution itself, which his sample population. He states in
his findings that teachers in Texas are typically pooled from the Texas community, much like
anywhere else in the country, meaning that they are raised on the belief structure in which they
teach. This results in a positive feedback loop with science instruction. These teachers
demonstrated a lack of understanding of the nature of science, and of evolution, which is a direct
reflection upon their own access to evolution education in k-12 and post-secondary pre-service
training. This is therefore perpetuating the cycle regarding lack of acceptance. He further states
that this could be remedied by addressing how teachers are educated in the sciences. Howarth’s
sample population from Massachusetts did not demonstrate the same lack of understanding as
the sample from Texas.
One aspect of the Berkman and Plutzer survey (2010) related to community attitudes and
their impact on teacher instructional practice focuses on pressure received from the community.
Previous scholarship has demonstrated that teachers do feel pressure to drop evolution from their
curriculum, or to teach creationism in some capacity. This pressure comes from various
stakeholders, like administrators, local school board members, church leaders, and local residents
(Donnelly & Boone, 2007; Moore 2002). Berkman and Plutzer (2010) asked their respondents to
report on pressure felt by stakeholders, both pressures to teach evolution and pressures not to
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teach evolution. The data shows that by and large, teachers do not feel pressure by stakeholders
in regard to their instructional choices. Pressures that were reported were commonly from
administrators and were of a pro-evolution focus which required the teacher to not teach
intelligent design/creationism. Other pressures identified by the respondents were usually
identified as colleagues or peers, but those pressures were also pro-evolution. About 15% of the
respondents did report pressure from parents to teach intelligent design/creationism, however
these teachers were not inclined to do so. Although pressure to teach either evolution or
creationism did occur, it was not experienced by most teachers. These findings would then
indicate that many teachers’ beliefs are usually aligned with the predominant culture of their
communities, and that the understanding these teachers have of their communities helps them to
navigate their instructional choices (Berkman & Plutzer, 2010).
Religiosity of Instructor. Another variable considered to impact how a teacher teaches
evolution involves their personal religious beliefs. Research has shown that teachers’ opinions
about subject matter can influence their curricular and instructional decisions (Carlesen, 1991).
Furthermore, students tend to construct their knowledge framework in emulation of their
instructors (Rutledge & Mitchell, 2002). In essence, the religiosity of an educator would have a
direct correlation with the coverage of evolution in their classroom, and therefore account for the
discrepancy between the scientific community and the American public concerning acceptance
of evolutionary theory (Trani, 2004). A 2004 study conducted by Trani sought to investigate
how teacher understanding of evolution and of the nature of science corresponds with their
professed religious convictions. His study showed that teachers who have a “strong
understanding of the nature of science and the theory of evolution accept evolution, even if they
are religious” (Trani, 2004, p.425). Conversely, the finding also suggested that the teachers who
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openly stated a rejection of evolution based upon their religious views demonstrated a significant
lack of understanding of the theory itself and a lack of understanding of the nature of science.
Another study which solidified Trani’s findings looked to determine if there was a statistically
significant relationship between a teacher’s personal and religious beliefs and how they teach
evolution (Smith, 2010). The findings suggest that there is no such relationship between these
two variables. The author indicates that the data may not be applicable on a national level as it
occurred in one state and was a small, but representative, sample of the area solicited. It should
be noted that there are several studies which seem to indicate that there is a negatively correlated
relationship between a teacher’s religious background and their acceptance of evolution
(Kose,2009 ; Levesque & Guillaume, 2010; Tomczyk & Bugajak, 2009), but these studies
typically focus on international sample populations or on teachers of primary grade levels. The
studies that focus on American secondary school science teachers claim that teachers who are
religious, and state that they reject evolution due to their faith, actually demonstrate a low
understanding of the nature of science and evolution, which is believed by researchers to be the
real underlying cause of evolution rejection or acceptance (Howarth, 2012; Nehm & Schonfeld,
2007; Trani, 2004; Rutledge & Warden, 2000).
Berkman and Plutzer (2010) posited that attitudes toward evolution are a part of a
teacher's foundational value system, and are not only difficult to change, but also slow to change.
They pose that teachers from traditionally conservative communities, if they want to pursue a
career in teaching biology, will purposefully select programs that are more pedagogically based
and/or do not require an evolution themed course in order to graduate. To determine if this idea
was valid, they asked their respondents a question concerning their personal views on the origin
and development of human beings. They determined that 14% of their population believed in a
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young-earth-creationist model for the development of human beings. Theists made up 47% of
the sample, 31% identified with organic evolution, and 8% did not respond to the question.
Through a cross-tabulation of responses, Berkman and Plutzer demonstrated that of those
teachers who identified with the young-earth-creationist response completed fewer courses in
biology and were slightly less likely to major in a scientific field. They were also less likely to
earn a graduate degree in a science (Berkman & Plutzer, 2010).
Berkman and Plutzer (2010) conjectured that if a teacher’s personal beliefs about
evolution governs course selection during their preparation program, then it is plausible to think
those same beliefs will influence curriculum and instruction choices. In order to identify if
personal values actually influence teaching practices, the researchers added personal beliefs to
their multi-regression model. They learned that those teachers who identified as young-earthcreationists spent less time on evolution instruction and will score significantly lower on indices
for evolution acceptance. This is true even within the same state, and with the same state
standards and assessment requirements. This variation can also be seen between teachers within
the same school. These findings are similar when looking at the propensity for a teacher to cover
creationism/intelligent design. When young-earth-creationist teachers are compared to those
who identify as theistic, the odds that the young-earthers will teach creationism to their students
is about 4 times as high, and the odds of a teacher who identifies as organic-evolution has four
times lower odds of discussing creationism in a positive light. Berkman and Plutzer (2010) did
note that these results underestimate the actual impact that religious belief has on teaching
practice because in their data was calculated using a multiple regression model, which assumes
that all other variables are controlled for (Berkman & Plutzer, 2010).
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Teacher Preparation. The last factor which has been shown to influence teacher
instructional practice regarding evolution, and one that is intrinsically tied to religious belief, is
teacher preparation. Moore (2008) has shown that there is a positive correlation between
teacher’s acceptance of evolutionary theory and their allocation of class time to evolution
curricula with the teachers’ academic background. In other words, teachers who have a greater
understanding of evolutionary theory and the nature of science spend more time with evolution
instruction and are better at providing instruction (Moore, 2008). Several other studies furthered
identified a significant relationship between the acceptance of the theory of evolution and both
the teacher understanding of evolution and their understanding of the nature of science (Rutledge
& Warden, 2000; Rutledge & Mitchell, 2002; Romine et al., 2017; Lombrozo et al., 2008). By
analyzing how new-to-the-profession teachers approach evolution instruction, Carlsen (1991)
was able to identify that when teachers are faced with teaching material they know less well, or
are less confident in, relative to others, they devoted fewer lessons to the topic and interacted
with their students differently. Evolution can be a stressful topic for teachers, but scholarship
shows it is less stressful for teachers who are more confident and have a high content knowledge
(Griffith & Brem, 2004).
After doing an in-depth analysis of the standards, Berkman and Plutzer (2010) spent a
chapter looking at how personal beliefs shape pedagogical practice. The authors specifically
explored the respondents formal teaching credentials. Specifically, do their college majors, their
formal coursework in biology, or their type of teaching certification help explain their classroom
approach to evolution and creationism instruction. The researchers first looked at educational
attainment. They wanted to understand how attainment is related to understanding of evolution
and how they may impact instructional practice. They were able to break down their sample into
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three groups: those with a non-science bachelor's degree (38%), those with a science bachelor’s
degree (37%), and those with graduate degrees in science (25%). They compared these statistics
to credits earned in science, the taking of an evolution themed course or not, and certification
level. When specifically looking at educational attainment, the number of science credits taken
does not significantly influence instructional practice. However, holding a degree in a scientific
field does increase the likelihood that a teacher will endorse all three principles of the National
Academies of Sciences. Just as with Rutledge & Mitchell (2002), Berkman and Plutzer (2010)
identified that taking an evolution course during their teacher preparation program resulted in
greater odds of covering evolution, and for longer hours relative to those that did not take the
evolution course- an average increase of 25% in terms of time spent teaching evolution when
compared to the national average. In fact, the researchers stated that of all three identifiers,
taking an evolution course was the most influential on instructional practice (Berkman & Plutzer,
2010).
Summary
Evolution education has had its own “evolution” over the past century in terms of
scientific understanding and legal decisions and their effect upon public knowledge and the
classroom experience. This evolution extends to how evolution instruction has been provided to
students in the k-12 public school system. A teacher’s personal beliefs, exposure to community
attitudes and biases, teacher educational experience, and access to and understanding of state
standards has all shown to have a varied impact on teacher instructional practice. Based on the
literature discussed in this chapter, I worked to understand what variation exists within the state
of Connecticut, and to elaborate on the areas of limitation identified in the framework. This
includes, but is not limited to, teacher preparation experience and knowledge and application of
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the standards in order to better understand what influences a teacher and their evolution-based
curricular decisions. The next chapter focuses on the structure of my survey, how I coded the
data. I will also discuss my research methodology, how I will establish validity and reliability,
and discuss the characteristics of my sample.
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Chapter 3- Methods
The purpose of this chapter is to outline the methodology used to address the research
questions. There are many different approaches a researcher can take to answer research
questions: use quantitative methods, qualitative methods, or both in a mixed-methods approach.
This study will utilize a quantitative method to study the relationships between identified
variables. Quantitative research is designed to examine basic, applied, or translational type
research questions (Fallon, 2016); the first two types are applicable to this study. Basic research
aims to generate knowledge to understand relative fundamental issues and mechanisms, and
applied research aims to utilize basic research to address a specific real-world problem (Fallon,
2016). Quantitative research often uses surveys to generate numerical data, which is then used to
measure variables and outcomes (Punch, 2003). More specifically, quantitative research may
concentrate on the relationship between variables based on pre-defined constructs. This “means
that the point of the survey is not simply to describe variables and how they are distributed. Its
main aim is to study how variables are related to each other” (Punch, 2003, pg. 3).
In a prior research study conducted by Michael Berkman and Eric Plutzer (2008), which
is the inspiration for this study, and is discussed in chapter 2, a quantitative analysis was done
using an original survey. The B&P study looked at several different variables, which are being
used in this study as well. Berkman and Plutzer (2010) looked at teacher beliefs and practices,
their religiosity, the community and administrative attitudes that may influence their practice,
and the standards in place which are designed to guide teacher practice. Their research study
was in line with the findings of prior scholarship regarding the aforementioned variables, and
they were also able to identify a vast discrepancy between teachers and how they deliver
evolution themed curricula (Berkman & Plutzer, 2012).

43

In order for this study to determine how Connecticut teachers currently teach evolution,
and to study the confounding variables that influence teacher practice, a quantitative analysis was
conducted through a voluntary survey of all public high school biology teachers in the state of
Connecticut. The specific research questions which will be addressed through this study are the
following:
1. How much do Connecticut teachers incorporate evolution-based curricula, and/or
creationist curricula, in their instructional practices?
2. To what extent does the exposure to evolution coursework, and the experience of the
teacher during their preparation program, predict evolution instruction patterns in the
classroom when controlling for and compared to standards, teacher religiosity, and
community attitudes?
3. To what extent does teacher self-efficacy predict evolution instruction patterns in the
classroom when controlling for and compared to standards, teacher religiosity, and
community attitudes?

The first research question looked to determine what variation exists between Connecticut high
school biology teachers and how they taught evolution during the 2018-19 school year. I
organized this variation by number of hours and focus on the sub-topics of evolution. I also
identified the three NAS goals and level of adherence of those goals and looked to determine if
there was a relationship between the level of goal adherence and the number of hours spent
teaching evolution. The second question focused specifically on the teacher preparation program
experience. More specifically, it looked at taking of evolution coursework, overall science
coursework, and number of credits earned in biology vs education in relation to the adherence to
the NAS goals and number of hours spent teaching. I also looked at the student teaching
experience of the teacher and whether those experiences influenced instructional practice. And
lastly, I wanted to know if the mentor the teacher was assigned to during the practicum
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experience had any bearing on their instructional choices regarding evolution later in their career.
This was using the influential variables discussed at great length in Chapter 2; standards,
religiosity, and community attitudes, as the control variables. The third research question
focused on how teacher self-efficacy, specifically teacher confidence, plays a role in both the
number of hours spent teaching evolution and in the level of NAS goal adherence, also when
controlling for the influential variables of standards, religiosity, and community attitudes.
Methods
The state of Connecticut was the state of focus for this study and was selected for several
reasons. Firstly, it is the state in which I currently reside and am working in the K-12 public
school sector. This is only relevant in that it affords me special access to the teacher populationas a researcher and as a state resident. Secondly, Connecticut has a similar composition of
race/ethnicity (United States Census Bureau, 2018), and similar percentage of people associating
with a Christian religious doctrine (Pew Research Center, 2014) as the national average.
Although that does not necessarily make my population comparable to the nationally
representative population used by Berkman and Plutzer, depending on the demographics of the
respondents, may be more easily relatable to the findings in the literature review.
Connecticut- What is known currently. The Berkman and Plutzer 2010 publication
discussed the beliefs of the population regarding teaching evolution in schools. Based on public
opinion data, B & P calculated through a multi-level logistic regression that in 2010
approximately 39% ± 9% of Connecticut residents supported the teaching of evolution in the
public-school classroom. Of the 956 participants in their nationally representative study, 11
participants were Connecticut teachers during the 2006-2007 school year. Looking at the
findings of their research study, of the 11 teachers, 3 were classified as advocates for
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evolutionary biology and 8 were classified as advocates of neither evolution nor creationism.
None of the teachers surveyed were found to be advocates for creationism. These teachers came
from districts that were ranked by B & P as being cosmopolitan to somewhat cosmopolitan,
which was determined by educational attainment and political leanings of the adult population
within the school district of the teacher. As previously discussed in Chapter 2, educational
attainment and political leanings have shown to be directly linked to both urbanization, with
higher levels of urbanization being linked to acceptance of evolution. The CT teachers surveyed
mirrored the national representative population in that the higher the level of urbanization, the
higher the likelihood of advocating for teaching evolution. Also, in line with the nationally
representative population in the study, CT teachers were more likely to advocate for evolution if
they took a college level evolution course. However, unlike the national sample which showed
that the higher the number of credit hours in science indicated for increased time teaching
evolution, the data for CT shows that the number of credit hours taken in science does not
increase the odds of advocating for evolution only, and the level of advocacy for evolution does
not appear to be related to the number of hours spent teaching evolution. I do not believe this
sample, although a part of the nationally representative population, is necessarily representative
of the state of Connecticut. More rural districts were not represented, as evidenced by the
cosmopolitan ranking system constructed by Berkman and Plutzer (2010). Also, there are
several hundred biology teachers throughout the state, and 11 is not a statistically significant
number to produce meaningful state level results. What the B & P data does indicate is that there
is variation between teachers in the Connecticut, and that what may indicate the likelihood of
teaching evolution on a national level may or may not be applicable at the state level. Therefore,
it would be prudent to determine if Connecticut follows the national pattern by making a
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representative study at the state level, and to determine if what typically influences teacher
instruction nationally has the same bearing upon CT teacher instruction.
Teacher Requirements in Connecticut. To become a teacher in the state of the
Connecticut there are two pathways. The more frequently used path is the traditional route.
First, a candidate must take a college readiness exam like the SAT or ACT. They must then
complete a college level program which is determined by their desire to be either be certified K-6
or 7-12. Candidates looking to teach 7-12 must also consider their subject matter expertise. For
both types of certifications, the candidate must complete a state approved educator preparation
program. Each program will vary with the number of pedagogy-based vs content based courses
required, however, upon completion of the degree and regardless of the number of content
courses taken, the candidate is required to take a subject-specific test in order to get a state
endorsement for certification. For example, a candidate interested in teaching biology would
need to take the PRAXIS II exam for biology. This level of preparedness will net the candidate a
base level entry into employment in the district (column I- step 1). The second route for a
candidate to become a teacher is through alternate route certification. The route is specifically
geared towards those who are changing careers and/or do not have an education degree from a
state approved program. These alternate route certification programs allow for candidates to
become teachers while still working and have strict student-teaching requirements. Once
completed, the candidate has the same employability as a candidate who completed the
traditional track (CT.gov, 2020). Although there are many different state approved programs
available for candidates that will net them a state certification, not all programs are equal. Some
focus only on pedagogy; some have a strong focus on the content. The states focus their basic
requirements on the number of practicum hours required of a candidate, and the basic number of
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credits the candidate needs to take with both pedagogy and content-based coursework. The issue
with these programs is that there is a lack of consistency in the characteristics of the training
program. Although they all meet the state’s minimum requirements, they are not the same. For
example, the University of Connecticut has a Biology Education program that only required 36
credits of biology with no specific evolutionary biology requirement, and the remaining credits
earned in education courses. Conversely, Sacred Heart University requires prospective biology
teachers to major in biology, minor in education, and complete 5th year as a part of their
program. Their biology major requires a minimum of 54 credits in the sciences, with 2
mandatory evolutionary biology courses. Other schools in Connecticut show a general biology
requirement of 30-36 credits, with a total of 54-72 credits in all the sciences, but do not require
evolutionary biology as a course. Furthermore, these requirements have not been consistent over
time as requirements often change as state minimums and policy evolve.

A new study of the

biology teacher population would hope to shed light on if this increase in stringency has made a
difference in the number of hours devoted to evolution.
Population & Solicitation Process. Email addresses were solicited from Connecticut’s
Department of Education- Performance Office, which is available without special permissions
from the state for research purposes. This information was organized in an excel spreadsheet and
included the names of the teachers, their credential area, their email, and the district and school
where they teach.

The initial number of certified science teachers was 1292. All these teachers

were then divided further into subject areas taught, and currently practicing teachers versus those
that are now in various administrator roles. I included only those who are currently teachers and
excluded anyone listed as an administrator. For those who are currently teachers, I will
specifically looked at those who are certified in biology, those with dual credentials where one of
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the credentials is biology, those with a general science credential not specified as a non-life
science subject, and those with an integrated science or life science credential as long as the
integrated science credential does not specify a non-life science subject. Even though only
biology teachers are being surveyed, I will have to contact teachers with any of these types of
credentials because having a biology credential and teaching biology are not mutually exclusive.
For example, a certificate in general science does not necessarily mean they do not teach
biology. My survey accounted for this diversity, and the potential of having teachers without the
pre-requisite requirements, with a preliminary survey question for courses taught. Those that
might have an appropriate credential to teach biology but did not teach it during the 2018-19
school year can be excluded at the start. Based on the database provided from the state, a total of
999 potential biology teachers were solicited.
All contact was made through Qualtrics using their email distribution function. The
initial email introduced myself and the purpose of my study, provided information on the length
of the survey, the statements of anonymity, and how the data will be used and saved. The
follow-up contact was two weeks later, through email via Qualtrics. The email provided a link to
the survey, a reminder of what the survey was about, and request for participation. The second,
and final, reminder was sent four weeks after the initial release of the survey to remind the
participants to fill out the survey at their earliest convenience. By contacting the participants
with this method, the number of respondents should be maximized, and solicitation fatigue
should be minimized.

I sent out my initial contact in the middle of July 2020. Teachers will at

this point be in planning mode for the fall since districts will most likely have made decisions
about how curriculum and instruction will be delivered for the fall. Also, teachers will most
likely be checking their emails with greater frequency due to the increased digital nature of our
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jobs and will have more time to complete the survey. I also made the window for survey
completion a month to increase the chances that I will get a significant number of responses.
Sample. Of the 999 teachers solicited, 25 emails bounced back to bring the sample to
975. There were 280 total respondents. Of those, 169 cases were included in the analysis
conducted for this study. 32 cases were excluded because they indicated they did not teach
biology in the target year. 77 cases were excluded for missingness on critical questions
involving the dependent variable. 2 cases were excluded because they reported an unreasonable
number of total hours spent teaching evolution, 100 and 150 respectively, which would amount
to evolution instruction for every day of the school year. This amount is just not feasible. With
169 total cases out of 975 solicited participants gave me a 17% response rate.
Research Design
The first step in the research process was to get approval from Seton Hall University’s
Institutional Review Board to conduct this study. After the approval, this quantitative study used
an original survey using portions of the publicly available Berkman and Plutzer 2007 survey as a
guide for my instrument. Any time I use coding similar to theirs, I will aim to make as much of
the survey the same as possible, where appropriate. The benefit of using a survey for research is
that it allows for a numerical description of attitudes, trends, or opinions in order to generalize
about the population being surveyed (Creswell, 2014).
Survey Instrument. The survey I have created contains portions of the survey used in
the National Survey of High School Biology Teachers written by Berkman & Plutzer (2008).
The question styles included multiple choice, multiple selection, and Likert. Berkman and
Plutzer’s (B&P) original survey had 20 numerical questions, with several questions having
multiple parts (Association of Religion Data Archives, 2007). My survey has 29 numerical
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questions, with several questions having multiple parts as well (see Appendix B). The questions
used from the B&P study include questions used to determine adherence to the NAS goals,
teacher beliefs and practices, and background questions. I added to those questions from the
B&P survey in the areas of educational background, educational experiences during the teacher
preparation program, standards, and teacher confidence. These additions will work to address
the limitations of the B&P study discussed in chapter 2. The questions have also been reordered
to organize the questions into a more cohesive structured flow that will make sense to the survey
participant. (see Appendix B). The survey was created in Qualtrics.
Validity of Survey Instrument. The survey instrument built by Berkman and Plutzer
(2010) demonstrates face validity. Validity is the extent to which the survey measures what it is
intended to measure. Face validity is the extent to which a test appears to measure what it is
intended to measure. If a test appears to measure what the test is intended to measure as
determined by the majority of the people who analyze the data it would have strong face validity
(Johnson, 2013). The Berkman and Plutzer survey shows strong face validity in that all the
questions they ask appear to measure what they intended to measure, ie: how biology teachers
teach evolution. For example, they learned that the level of religiosity of a teacher influences the
number of hours that teacher spends teaching evolution. This relationship is in line with the
literature and makes sense as it pertains to the topic. My survey should also have strong face
validity as I used most of the Berkman and Plutzer survey instrument. I used 11 of the 20
questions verbatim, which includes the large Likert series questions, and one question I included
that was modified slightly. I omitted 8 questions, one concerning age and one concerning
gender, which are not required to answer my research questions. I omitted two questions on
standards and replaced them with five of my own questions which are more specific and are

51

more closely aligned with my research questions. I also omitted two questions concerning
textbooks, which are not constructs in my research questions. The remaining two excluded
questions asked teachers to self-report how they have kept up with scientific debates and how
they would identify themselves. Although both these questions could technically fall under my
teacher self-efficacy construct, I do not believe it is necessary to understand how teachers view
themselves with regard to their evolution curriculum and instruction. All my additional
questions have been to expand on B & P’s existing questions in the areas of standards, teacher
self-efficacy and educational background.
Variables. Variables are a vital component in a quantitative study. They are used to
measure the variability between the study participants regarding an outcome (Creswell, 2014).
The independent variables that were used in this study, which are either known or hypothesized
to affect outcomes, include the level of religiosity of the instructor, perceived community
attitudes, quality of standards, and the experience the teachers had in their preparation programs.
The dependent variable focused on the amount of time spent teaching evolution or creation, and
the adherence to the goals of evolution acceptance as outlined by the NAS.
Data Analysis Procedures
RQ1: Identifying Teacher Instructional Variations. The first research question I
wanted to address was “How much do Connecticut teachers incorporate evolution-based
curricula, and/or creationist curricula, in their instructional practices?” I started my survey by
asking for general demographic information like age, length of time teaching, credential type,
and subjects taught. I then ran a descriptive analysis of this information along with the topics
within evolution curricula that are covered by the number of hours spent teaching each topic, as
identified in question #16. To determine how the teachers compare to each other for total hours
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spent teaching, I looked at question #17. Teachers were asked to self-identify the total number
of hours they spent covering all the sub-topics of evolution. They identified the level of detail
met for each of those evolution sub-topics (question #18). Teachers were also asked to respond
to a series of Likert style questions which had a goal of revealing some of their curricular and
instructional practices regarding evolution curricula (question #19).
As a secondary analysis with this question I wanted to determine first what was the level
of NAS goal adherence within my population. I did this by conducting a descriptive analysis of
each of the Likert responses to the NAS geared questions listed below:
1. “When I do teach evolution (including answering student questions), I emphasize
the broad consensus that evolution is fact even as scientists disagree about the
specific mechanisms through which evolution occurred.”
2. “Evolution serves as the unifying theme for the content of the course.”
3. “I believe it is possible to offer an excellent general biology course for high
school students that includes no mention of Darwin or evolutionary theory.”
For question #1 and #2, if the teacher responds with strongly agree or agree, they were
rated as adhering to that NAS goal. For question #3, if there was a response of disagree or
strongly disagree, the teacher is also rated as adhering to that NAS goal. xTo begin my data
manipulation, I recoded the responses, which are categorical since they are all Likert style
questions, by combining the “strongly agree” and “agree” responses and combining the “strongly
disagree” and “disagree” responses for each of the questions. I identified only the positive
responses in my dummy variables to show adherence. For example, if a teacher responded
“agree” or “strongly agree” to the question “When I do teach evolution (including answering
student questions), I emphasize the broad consensus that evolution is fact even as scientists
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disagree about the specific mechanisms through which evolution occurred.” They were
identified as adhering to that NAS goal. I reversed question #3 when I did the recoding as it is
negatively worded question. By doing this, it was scaled the same as the first two and made it
easier when I went to combine the variables. I then assigned a scale value for each of those
recoded groups as follows: 1 for agree responses, 0 for disagree responses. I added up the total
scores for the scale to determine how many of the goals respondents adhere to. For example, if a
respondent showed adherence to all 3 goals, they should have a combined score of 3 based on an
agree based response to question one and two and a disagree response to question three. I then
ran frequency table for descriptive analysis to determine the level of adherence to each of the
respondents.
To determine the level of creationism/IDC instruction, there were two Likert questions
teachers were asked to respond to, which are listed below:
1. “When I do teach about creationism or intelligent design (including answering
student questions), I emphasize that this is a valid, scientific alternative to
Darwinian explanations for the origin of species.”
2. “When I do teach creationism or intelligent design (including answering student
questions), I emphasize that many reputable scientists view these as valid
alternatives to Darwinian theory.”
Responding to either, or both, of these questions with an “agree” or “strongly agree” response
indicates favoring creationism/IDC. Just as with the NAS goal adherence questions, I will
combine the “agree” and “strongly agree” responses and then create a composite variable. I will
run a descriptive analysis to determine the level of creationism/IDC favoritism.

If a teacher is

shown to support creationism teachings in the classroom, they will have a combined score of a 1
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or a 2. An additional test I ran was a multiple regression that looked to determine if there was a
relationship between NAS goal adherence as the independent variable and the number of hours
spent teaching evolution-based curricula as the dependent variable. In the regression I included
all of the control variables previously identified: religiosity, standards, and community attitudes.
RQ2: In order to address the second research question “To what extent does the
exposure to evolution coursework, and the experience of the teacher during their preparation
program, predict evolution instruction patterns in the classroom when controlling for and
compared to standards, teacher religiosity, and community attitudes?” When considering
teacher preparation program experience, I included questions regarding the type and amount of
science-based vs pedagogy-based coursework required, the practicum experiences of the teacher
during their program, the level of influence of the mentor, what the teacher believes regarding
how their program prepared them to deal with student-based evolution questions, and what the
teacher believes regarding how their program prepared them to teach evolution.
To answer this question, I created a series of multiple regressions. First, I did a descriptive
analysis of responses for questions #6 through #15 to see what the respondents said regarding
their educational background and teacher preparation program experience. From there I then
created several dummy and composite variables to use in my regression series. All these
variables I have organized in table 1 shown below.
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Table 1- Teacher Preparation Program Independent Variables

Question
#9- Evolution Coursework
#10- Non- Evolutionary Biology
Courses
#11- Was Evolutionary Biology (EB)
required for your program

#12- Adequately prepared to teach
evolution effectively

#13- Adequately prepared for student
misconceptions

#14- Strong mentor modeling

#15- Number of student teaching
semesters (categorical)

Independent Variable name
Evolution course taken
Significant coverage of evolution
Brief coverage of evolution
No coverage of evolution
Evolutionary biology required for program
Evolutionary biology taken as an elective but not
required
Evolutionary biology not required and not taken
Positive view- Program prepared me to teach evolution
Neutral view- Program prepared me to teach evolution
Negative view- Program prepared me to teach
evolution
Positive view- Program prepared me to address student
questions & misconceptions
Neutral view- Program prepared me to address student
questions & misconceptions
Negative view- Program prepared me to address
student questions & misconceptions
Positive view- Mentor
Neutral view- Mentor
Negative view- Mentor
No mentor
One semester or less
Two semesters or more

Starting with #6, I asked a series of questions that focus on the respondent’s educational
background, like degrees earned, certificate earned, and experiences with their teacher
preparation program. There were a series of questions used from the survey which were applied
to the regressions. Question #10 looked specifically at the non-evolutionary biology classes the
teacher took during their teacher preparation program. I wanted to know to what extent those
classes were covering evolutionary biology. I created three dummy variables. One for if their
non-evolutionary biology courses had significant coverage of evolutionary biology, one for if
their non-evolutionary biology courses had brief coverage of evolutionary biology, and one for if
their non-evolutionary biology courses had no coverage on evolutionary biology. Question #11
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was to determine if evolutionary biology was even a requirement for their program. I created
three dummy variables. One for if evolutionary biology was required for the program, one for if
evolutionary biology was not required but was taken as an elective or not, and one for if
evolutionary biology was not required and was not taken.
Continuing with the educational background questions, I wanted to know more about the
respondent’s perceived experiences in their preparation programs. Question #12-#15 on the
survey asked the teachers to report their level of agreement with statements regarding the
adequacy of their teacher preparation program regarding its ability to teach them how to teach
evolution curricula, on how to deal with student questions and misconceptions, and how well
their mentor provided learning experiences for teaching evolution effectively. I started by doing
a descriptive analysis of the responses. Then, I added together the agree and strongly agree
responses for questions #12-#14 and label them “Positive view- preparation program prepared
me to teach evolution”, “Positive view- preparation program prepared me to address student
questions and misconceptions.”, and “Positive view- mentor” respectively. Then, I made the
neutral and negative versions of the dummies for these variables by grouping the appropriate
responses, respectively For question #14, I also had to consider the possibility that the
respondent did not have a student teaching experience, so there was an option to select “no
mentor/no student teaching” when responding to the mentor related questions. I created another
dummy for this response, “no mentor/no student teaching”. Question #15 asks the respondent to
report the number of semesters the teacher was required to complete for their student teaching
experience. I created two dummies for this question, one for “one semester or less” and one for
“two semesters or more”. To build the multiple regressions, I took the variables described above
and used them as the predictor variables. I used these predictors in my first regression to
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determine if there is a relationship between the characteristics of the teacher preparation program
and level of NAS goal adherence. For the NAS goal adherence regression, I used a linear
probability model. The third goal, evolution should be approached as a unifying theme in a
general biology class, all teachers adhered to, so I needed to identify if a teacher adhered to the
remaining two goals or not. If they did, I coded the value as “1”, if not, I coded the value as “0”.
I labeled this as NAS Binary variable and made it my dependent variable. In that regression I
also included the control variables of religiosity, standards, and community attitudes. I made the
second multiple regression using the same variables as a predictor for the number of hours spent
teaching evolution, and included the same control variables.
Influential Variable #1- State Standards. The first influential variable that I investigated
was the impact of state standards upon teacher instructional practice regarding evolution.

This

construct was addressed with question #21, parts A through E. These Likert style questions
asked respondents to report their beliefs about the adequacy of the NGSS in addressing
evolution, their understanding of the content expectations for evolution in the state standards,
their perceived level of working knowledge, the perceived adequacy regarding resources, and
whether or not they believe they need to have standards in order to provide an in-depth
presentation of evolution instruction. I ran a descriptive analysis of their responses. To include
this control variable in my regressions I looked at just question 21a is it most closely resembles
the question regarding standards asked by Berkman & Plutzer (2010) in their original survey. I
created two dummies, Positive Evolution Standards, which combined the “strongly agree” and
“agree” responses, and Negative Evolution Standards, which combined the “strongly disagree”
and “disagree” responses. I used the positive composite in both regressions and labeled it
“standards adequately addresses evolution content”.
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Influential Variable #2- Religiosity. The second influential variable that I investigated
was the impact of personal religious beliefs upon teacher instructional practice regarding
evolution. One question in the survey that I used, question #23, and is also in the Berkman and
Plutzer (2010) study, specifically asks about beliefs about human origins. This exact question is
also frequently used in public opinion polls like the Gallup poll referenced in chapter 1.
Which of the following statements comes closest to your views on the origin and
development of human beings?
 Human beings developed over millions of years from less advanced forms
of life, but God guided this process (theistic evolution)
 Human beings developed over millions of years from less advanced forms
of life, but God had no part in this process (organic evolution)
 God created human beings pretty much in their present form at one time
within the last 10,000 years or so (young earth creationism)
I did a descriptive analysis of the responses. In order to determine whether personal views
influence instructional decisions regarding evolution-based curricula, I created three separate
dummy variables. Creationism/IDC adherents will be coded as the contrast variable, with
dummy variables created to represent the theistic evolution belief and evolution by natural
selection belief categories. I then added this information to both my multiple regression series to
help answer RQ2 completely.
Influential Variable #3- Community Attitudes. The third influential variable that I
investigated was the impact of community attitude on teacher instructional practice regarding
evolution. The question in my survey that focused on community attitudes, question #22, asked
that respondents to select which, if any, of the typical district stakeholders exerted pro-evolution
pressures or exerted anti-evolution pressure. To quantify their responses, I first did a descriptive
analysis to show how many respondents reported pressure from which stakeholders. Then, I
created four composite variables: “pressure to teach evolution”, “pressure to teach
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creationism/IDC”, “pressure NOT to teach evolution”, and “pressure NOT to teach
creationism/IDC”. I added up all the responses that selected this pressure to create the
composite. Lastly, I created four dummy variables of the same names and added to my
regression.
RQ3. The third research question I addressed was “To what extent does teacher selfefficacy predict evolution instruction patterns in the classroom when controlling for and
compared to standards, teacher religiosity, and community attitudes?” This question focused on
how the teachers view their evolutionary biology knowledge, how confident they feel in teaching
the content, how confident they feel in addressing student questions, how confident they feel in
answering questions from their peers, how they view themselves in their profession, and
common ways that teachers avoid teaching evolution. I began my examination of the data by
doing descriptive analysis for questions #24 through #28. All the answer options for these
questions have the same answer structure, confident, somewhat confident, and not confident. I
created three dummy variables, confident, somewhat confident, and not confident for each
applicable question. I then created a composite for the confident response for all four questions
which I included in my regression. To determine the validity of this variable I ran a Cronbach’s
alpha test.
I then wanted to know if the level of confidence of a teacher can predict adherence to all
three NAS goals, or if it could predict the number of hours spent teaching evolution. To make
this regression I followed the same format as I did for research question 2 in that I used the same
linear probability model.

In this regression I included my confidence self-efficacy composite

variable and the control variables of religiosity, standards, and community attitudes.
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Question #28 looks at how the teacher ranks their knowledge of the evidence of evolution
in relation to their peers. I did a descriptive analysis of this question. Then, using a scale with
the “Exceptional” response being a 4 and the “Know less” response being a 1, I calculated the
mean value. The last question, question #29, mirrors one which Berkman & Plutzer used in their
2007 study. These sub-questions identify perceived nervousness regarding parent interactions
and evolution, ways to avoid teaching evolution, and potential approaches to teaching and
questioning. I approached this question by doing a descriptive analysis of the responses, which
only ask that teachers report the frequency with which something occurs. For example, one subquestion asked teachers to report if they have encouraged discussions of creationism in order to
firmly explain why creationism is not science. They were then asked to report either “never,”
“once or twice,” “a few times,” or “frequently.” The goal of this question series was to get a
sense for the teacher’s environment and determine the frequency with which these experiences
occur.
Anticipated Issues & Potential Limitations.
Missing Cases. Other than a question asking about the county in which the respondent
teaches, there are no questions which are identifying. Some of these questions might make the
respondent uncomfortable, or they may be unsure how to respond, as they involve personal
beliefs and/or religious tendencies. I have tried to incorporate “unsure” and “not applicable”
responses where appropriate.The respondent may also leave a question blank as I did not require
any of the questions to be completed in order to proceed. The way I chose to deal with the
missing cases was to delete them based on whether or not that case answered the key questions
needed to complete my regressions. This means that the majority of cases that were kept were
100% complete.
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Connecticut Population Representation. Connecticut differs from U.S. demographics
in two key areas, which may limit the associations that can be made between the state and the
general U.S. population. These include skewed political party affiliation favoring the liberal side
of the spectrum with Connecticut being 55% versus the 44% national rate. (Pew Research
Center, 2014). Connecticut also has a higher-than-average income in Connecticut versus the
national average (almost $74,000 annually in CT versus almost $58,000 nationally) (United
States Census Bureau, 2018). Associating as a Democrat increases the odds of accepting
evolution as truth regardless of religious affiliations (Funk, 2014). Income is indicative of
educational attainment, and the higher the level of education, the higher the odds of accepting
evolution as true as well. (Mazur, 2005; Allmon, 2011; Gervais, 2015; Kahan & Stanovich,
2016). Furthermore, Connecticut is highly urbanized, which also results in a higher-thanaverage acceptance rate (Ryan, 2016; Parker, et al., 2018).
Participation Reluctance. An issue that may be at play is a teacher’s reluctance to share
information which they worry will negatively effect their employment. An example of this could
be that the teacher admits that they do not use the standards as a means of planning their
curriculum and instruction. This teacher may be concerned that admitting that information may
impact them negatively. Teachers have autonomy in their instruction and are the arbiters of the
state’s requests (meeting state standards), however, there is no leverage the state has to hold
teachers accountable NOT covering the standards, only a district can do that. This survey had no
identifying information other than county in which they teach.The data collected will also not be
made publicly available, so there should be no cause for concern regarding district or state
retribution against the teacher. Furthermore, not adhering to the standards, although not an
advisable practice from a professional standpoint, is not a fire-able offense by itself, especially
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when concerning tenured teachers. I tried to waylay this issue by making it clear in my
solicitation message that this information is anonymous and will not be reported as a case basis,
but as data to be used as a whole.
Global Infectious Disease. The last limitation, and one that is entirely out of my control,
is the current state of the world. Many of the major developed countries are in the midst of a
global pandemic surrounding a novel strain of coronavirus named Sars-CoV-19, informally
referred to as COVID-19. Starting in March 2020, all districts in Connecticut were closed due to
stay-at-home orders in response to COVID-19, which continued until the end of the school year.
Many districts were operating only through a distance learning model, so teachers who are
constantly online may be easier to contact. There are also districts who are not doing distance
learning because it is not a reasonable expectation that students have access to a computer and
internet because they cannot afford it. These districts are typically in low socio-economic areas.
The teachers are not guaranteed to have ready access to their email if they live in these affected
areas. Also effecting participation is the general trauma experienced by teachers and their
families, which could cause either neglect of the computer and email or result in the purposeful
choice to ignore my solicitation.
Summary
The way biology teachers teach evolution is highly varied in terms of time, level of
detail, and the language used to convey the content. There are several factors that have been
shown in the literature to influence the ways in which teachers provide evolution-based
instruction. Building from the findings of the National Survey of High School Biology Teachers,
conducted by Eric Berkman and Paul Plutzer in 2007, and discussed heavily in their 2010
publication Evolution, Creationism, and the Battle for America’s Classrooms, this study hoped
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to expand on their findings. To accomplish this, the research looked to analyze a broad socioeconomic group in the state of Connecticut with a specific focus on educational experiences
during the teacher preparation program. The goal of the study was to determine if the
experiences teachers have during their pre-service training had an impact on their curricular and
instruction practices regarding evolution-based curricula. Specifically, what about their
educational background can predict teaching of evolution, topics within evolution, teaching of
creation, and the adherence of the teacher to the three positions on evolution established by the
NAS and other similar organizations. The next chapter will present the findings of the study and
address the results of the research questions.
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Chapter 4- Results
Introduction
Scientific literacy is an important skill for people to develop as it is key to understanding
and participating in social discourse regarding the development of effective public policy. This
skill is primarily developed through a person’s K-12 experience as the majority of American
citizens only experience scientific literacy curriculum during their primary and secondary
learning experiences. Furthermore, this skill is of specific focus in the sciences, which are
mostly covered at the secondary level. Research has shown that an understanding of evolution is
integral to developing strong scientific literacy. As discussed in chapter 2, the literature indicates
that religiosity of the instructor, knowledge of standards, and pressure experienced by the
community have little to no impact upon the effectiveness of the teacher to teach evolution. The
one variable that is hypothesized to have the greatest effect is the teacher preparation program.
The goal of this study was to understand the relationship, if any, the teacher preparation program
has to how a teacher teaches evolution. As presented in chapter 3, a survey was administered to
all public high school biology teachers in the state of Connecticut. They were asked a series of
questions that looked at how many hours they spent teaching evolution, their educational
background and perception of that education, their perception of pressure received by the
community, their religious beliefs, their experiences in the classroom as it pertains to evolution
instruction, and their level of confidence with various aspects of teaching evolution. The data
was then analyzed in order to answer the three research questions, which are below for reference.
1. How much do Connecticut teachers incorporate evolution-based curricula, and/or
creationist curricula, in their instructional practices?
2. To what extent does the exposure to evolution coursework, and the experience of the
teacher during their preparation program, predict evolution instruction patterns in the
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classroom when controlling for and compared to standards, teacher religiosity, and
community attitudes?
3. To what extent does teacher self-efficacy predict evolution instruction patterns in the
classroom when controlling for and compared to standards, teacher religiosity, and
community attitudes?
This chapter presents the data gathered to address each of the questions identified above. I will
begin with a discussion of the population and their characteristics. Then I will present the data
for each of the research questions. I will conclude the chapter with a summary of the findings.
Population
999 public high school biology teachers were solicited for participation via email. 25
emails bounced, for a total of 974 teachers contacted. Out of the 280 respondents, 169 cases
were included in the data analysis for this study. The 111 cases excluded for the following
reasons: a) those who selected “No” for the qualifying question “Did you teach evolution in your
biology/life science class during the 2018-19 school year” (32 cases), b) missingness on critical
questions involving the independent and dependent variables (77 cases), c) extreme outliers for
the number of hours reported teaching evolution (2 cases). The total response rate, when
accounting for these case exclusions, is 17%. The geographic distribution of the sample is
shown in Table 2 in Appendix C along with the overall population distribution of the state.
When comparing the sample population versus the state population by county, the distribution is
very similar. Looking at the population by years of teaching, the majority of the population
(57%) has 15 years of experience or less with the highest level of experience at 42 years. The
sample population was also majority tenured (83%) and certified via the traditional route (98%).
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Research Questions- Presentation of the Data
Research Question 1: How much do Connecticut teachers incorporate evolution-based
curricula, and/or creationist curricula, in their instructional practices?
The goal of this research question was to determine how public high school teachers in
Connecticut spend their instructional time regarding evolution-based curricula. The questions
asked in the survey to address this research question looked at hours spent teaching evolution,
both from a sub-topic perspective and as a whole, and they looked to understand the depth of the
content for each of the sub-topics. The findings are shown in Table 3 and Table 4 below.
Table 3: Frequencies for Reported Hours Spent on Each Sub-Topic of Evolution
Topic
0 Hours
1-4 Hours
5-8 Hours
9-12 Hours
>12 Hours
Total
Evolution
4
106
42
14
3
169
History
Evolutionary
1
79
59
18
11
168
Processes
History of Life
27
115
23
2
0
167
Speciation
24
111
29
4
0
168
Human
46
95
19
5
2
167
Evolution
ID or
153
14
1
0
0
168
Creationism
Note: Participants were asked, “Considering how you sequenced your evolution unit for the 2018-19 school year,
please indicate how many hours you typically spent on each topic. This includes both instruction and time spent
addressing student questions”.

Table 4: Frequencies for Reported Level of Detail Met on Each Sub-Topic of Evolution
Topic

Do
Not
Cover

Minimal Detail or
just enough to
address student
questions
22

Just
enough to
meet
standards
47

More than the
minimum
requirements to meet
standards
78

Significant
Detail

Evolution
5
16
History
Evolutionary
0
8
33
78`
48
Processes
History of Life
15
42
75
29
5
Speciation
7
22
64
57
19
Human
36
48
46
29
4
Evolution
Intelligent
138
20
6
2
1
Design
Creationism
145
19
3
1
0
Note: Participants were asked, “Please indicate the level of detail met for each of the following sub-topics

Total

168
167
166
169
163
167
168
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Based on the reported information provided by the participants, most teachers cover evolution
history, evolutionary processes, history of life, and speciation. These topics are found within the
NGSS standards, and even prior to the NGSS adoption, were the most common sub-topics found
within the curriculum. The vast majority of respondents reported that they do not cover
creationism/IDC at all, 19 report minimal detail or enough to address student questions, and only
4 respondents reported spending enough time to “meet standards” or “more than the minimum”.
The teachers were also asked to report the total number of hours they spent teaching
evolution-based curricula. The hours ranged between 4 and 50 hours teaching this topic with the
average amount of time spent being 18.83 hours with a standard deviation of 9.15hrs, as shown
in figure 1 below. This is above the national average reported hours of 14 (Berkman & Plutzer,
2010) in 2007, and in-line with the average of 20 hours in 2019 (Plutzer, Branch, & Reid, 2020).
Out of the 169 cases, 15 cases reported spending at least one hour on creationism/IDC themed
curriculum.
Figure 1: Total Number of Reported Hours Spent Teaching Evolution/Creationism
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In addition to these questions, I asked several questions about the teacher’s practices
regarding their evolution-based instructional patterns which also helped to shed light on their
approaches to teaching. These questions were Likert style questions with a strongly agree, agree,
disagree, and strongly disagree answer options. First, teachers were asked to identify their level
of agreement with the statement “When I do teach evolution, I focus heavily on what students
need to know to meet state science standards”. Approximately 75% of teachers agreed or
strongly agreed with that statement and only 23% disagreed or strongly disagreed. Teachers
were then asked to report their level of agreement with a statement regarding whether or not they
emphasize that parts of evolutionary theory can be proven wrong. 47% agreed or strongly
agreed with this statement and 48% disagreed or strongly disagreed. The third statement
teachers were asked to respond to concerned deliberately avoiding making statements that might
be deemed offensive by some students or their parents. 55% responded agree or strongly agree
to this statement and 43% disagreed or strongly disagreed. When asked if they do not cover
evolution because they run out of time the majority, 82%, responded that they disagree or
strongly disagreed with that statement. The remaining two questions focused on teaching of
creationism/IDC in the classroom. Teachers were asked to respond to the statement “When I do
teach creationism/ID, I emphasize that almost all scientists reject these as valid accounts of the
origin of species” and “When I do teach creationism/IDC, I acknowledge them as valid religious
perspectives, but which are not appropriate for a science class”. 21% of teachers responded
agree or strongly agree to the first questions and 28% to the second question. The majority of
teachers did not respond to either question, 72% and 65% respectively. It is possible that the
high rate of missingness is a result of teachers believing that creationism/IDC is not science and
therefore should not be covered in a science class. This sentiment was conveyed by a handful of
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participants in the text entry question which followed. One participant stated “Creationism and
religion have no place in a modern society and teaching it as if it has any validity is abhorrent”.
Another participant stated, “While completing this survey, I was shocked at the mere suggestion
that creationism/intelligent design would be considered by anyone as appropriate for inclusion in
biology curriculum”. Several made comments stating that science is based on observations and
evidence and that faith-based belief systems do not adhere to that structure. These statements
and beliefs demonstrate that at least a portion of the teachers do have enough of an understanding
of the nature of science to recognize that creationism/IDC is not science.
To expand this area of inquiry, teachers were asked to respond to two questions which
were designed to indicate their preference for teaching creationism/IDC, not just the hours they
might have spent covering it or questions related to it. After creating two dummy variables, one
for each question, and then doing a descriptive analysis, I found that 3% of teachers responded
either “agree” or “strongly agree” that creationism/IDC is a valid alternative to the Darwinian
explanation for the origin of species. 6% responded that scientists view creationism/IDC as a
valid scientific alternative to the Darwinian explanation. After combining the dummies for each
question together into a composite variable I learned that 7 teachers, or about 4%, agreed to one
of the two questions and 4 teachers, or 2.4%, agreed to both the creationism/IDC questions.
When comparing my results with the Berkman & Plutzer (2010) survey, 1% of teachers agreed
with one question and 1.2% agreed with both questions. My results would indicate that
Connecticut teachers have a greater preference for creationism than the nationally representative
population.
The last piece of this research question involved establishing the distribution of teachers
concerning their adherence to the goals regarding acceptance of evolution established by the
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National Academy of Sciences and discussed in depth in chapter 2. These goals include that
there is no dispute that evolution has occurred, that in order to understand other scientific
concepts one must have a proper understanding of the evolutionary process, and that evolution
should be approached as a unifying theme in a general biology class. These three goals were
addressed in three separate Likert style questions. For the first two questions, a response of
agree or strongly agree demonstrated adherence and for the third question, a response of disagree
or strongly disagree demonstrated adherence. After dummy variables were created for each
question, designed to show adherence to the goal or not, the responses were compiled to find the
total NAS goal adherence level for the population per goal. These findings are shown in table 5
below.
Table 5: Frequency & Percent NAS Goal Adherence
Frequency
Percent
NAS Goal 1 Adherence
143
84.6%
NAS Goal 2 Adherence
131
77.5%
NAS Goal 3 Adherence
169
100%
Note: Teachers were asked to report to the following questions. 1) When I do teach evolution (including answering
student questions), I emphasize the broad consensus that evolution is fact even as scientists disagree about the
specific mechanisms through which evolution occurred. 2) Evolution serves as the unifying theme for the content of
the course. 3) I believe it is possible to offer an excellent general biology course for high school students that
includes no mention of Darwin or evolutionary theory.

Respondents demonstrated adherence to the first goal at a rate of almost 85%, adherence to the
second goal of almost 78%, and 100% of respondents demonstrated adherence to the third goal.
These separate dummy variables were then combined to create a Level of NAS Goal Adherence
scale shown in table 6 below. This scale reported a Cronbach’s Alpha of .802, which
demonstrates reliability of the scale.
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Table 6: Teacher Level of NAS Goal Adherence
LevelofNASGoalAdherence
Frequency

Percent

Adherence to 1 Goal

10

5.9

Adherence to 2 Goals

44

26.0

Adherence to 3 Goals

115

68.0

Total

169

100.0

α

.802

As shown in table 6, the majority of respondents demonstrate adherence to all three goals
established by the NAS (68%). The level of NAS goal adherence was only discussed in B&P’s
2010 report of their study. At that time, the level of adherence to all three goals by the nationally
representative population was only 47%, which is significantly lower than the CT population.
There are several things that could account for these differences, which were initially presented
in chapter 1. Connecticut is a highly educated state and has a high rate of democratic political
leanings. Both of these factors have been shown to increase the probability of accepting
evolution regardless of religious beliefs.
Adhering to the goals of evolution acceptance provided by the NAS is only one piece of
the puzzle that Berkman & Plutzer looked at. They also looked at how that goal adherence
relates to the hours spent teaching evolution. To determine this I created a regression using goal
adherence as the independent variable, along with the previously discussed control variables, and
hours spent teaching evolution as the dependent. The regression is shown in table 7 below.
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Table 7: NAS Goal Adherence and Hours Spent Teaching Evolution

Model
(Constant)
NAS Goal Adherence- Binary variable
Evolution by Natural Selection Belief
Theisic Evolution Belief
Standards adequately address evolution content
Pressure to Teach Evolutionary Biology
Pressure to Teach IDC
Pressure NOT to Teach Evolutionary Biology
Pressure NOT to teach IDC
Dependent variable: Hours spent teaching evolution

Unstandardized Coefficients
B
Std. Error
16.456
5.510
4.605
1.582
-.689
5.628
-2.480
5.709
.385
1.635
-1.285
2.209
-.252
2.665
.919
3.431
1.817
3.237

Sig.
.003
.004
.903
.665
.814
.562
.925
.789
.575

N = 165
R2 = .077
Sig = .118

This model has not shown to be statistically significant with a Sig value of .118. It also has an R
square value of .077, which means that almost 8% of the variance observed between teachers and
their hours spent on evolution can be explained by the model. However, even though the model
was not significant, it was interesting to note that the one statistically significant finding involved
the level of NAS goal adherence (the binary variable) and its relationship to hours spent teaching
evolution. Teacher who adhere to all three goals of evolution spent 4.6 more hours teaching
evolution base curricula (p<.005). This is in alignment with the literature in that the more goals
a teacher adheres to, the greater the number of hours spent teaching evolution.
Summary. The goal of the first research question was to understand how public-school
biology teachers teach evolution-based curricula in their classrooms. This specifically looked at
number of hours spent teaching each of the various sub-topics of evolution, total number of
hours spent teaching, the level of detail spent on each sub-group, and more specific questions
focusing on teacher instructional practices. The survey found that biology teachers in the state of
Connecticut are spending the same amount of time, on average, covering evolution-based
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curriculum as their nationally representative peers, almost 20 hours. They are also focusing this
time primarily on evolutionary history, evolutionary processes like natural selection, and
speciation in their curriculum, which is in alignment with the CT adopted NGSS standards
expectations. This is further supported by the teachers reporting that they use the NGSS to guide
the content choices Biology teachers also responded to other specific questions regarding their
practices. These teachers also reported making time to teach evolution as a part of their course
curriculum. Teachers were mostly split on whether or not portions of evolutionary biology could
be proven wrong, or deliberately avoiding making comments that could be deemed offensive.
Teachers were also asked to respond to creationism/IDC themed Likert questions. The majority
of teachers did not respond to these questions, however those that did respond reported that
creationism/IDC are not valid scientific alternatives. To expand on this area, when teachers were
asked two questions designed to indicate preference for teaching creationism/IDC the vast
majority disagreed with presenting creationism/IDC in a valid light. Lastly, the teacher’s
adherence to the NAS goals was established through a composite variable. This composite
showed that the majority of teachers in Connecticut adhere to all three goals.
Research Question #2- To what extent does the exposure to evolution coursework, and the
experience of the teacher during their preparation program, predict evolution instruction
patterns in the classroom when controlling for and compared to standards, teacher religiosity,
and community attitudes?
The goal of this research question was to determine if the teacher preparation program
experienced by the respondents is a statistically significant predictor for classroom behaviors
regarding evolution-based instruction. Characteristics of the preparation program that were
assessed included whether or not they took an evolutionary biology course during their training,
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if an evolutionary biology course was required or not, what degree of evolution was covered in
their other biology coursework, and the number of semesters they spent student teaching. They
were also asked questions identifying their perceptions of their preparation program regarding
their mentor, the ability of their program to prepare them to teach evolution curricula effectively,
and the ability of their program to prepare them to address student questions and misconceptions
regarding evolution curricula. This question will also include the influential variables discussed
in chapter 2, religiosity, standards, and community attitudes, which will be used as controls.
In order to adequately address this question, two regressions were used. The first
regression looked at to what degree the teacher preparation program can predict level of NAS
goal adherence. As discussed in chapter 2, the NAS position on evolution includes that there is
no dispute that evolution has occurred, that in order to understand other scientific concepts one
must have a proper understanding of the evolutionary process, and that evolution should be
approached as a unifying theme in a general biology class. Berkman & Plutzer (2010)
established through their research that the number of goals accepted by a teacher was correlated
to the number of hours the teacher spent covering evolution-based curricula and the higher the
likelihood the teacher would embrace instructional strategies that would be in-line with the
position of the NAS and other major scientific organizations. The second regression looked to
establish if there is a relationship between the teacher preparation program and the number of
hours spent teaching evolution.
NAS Goal Adherence. To establish the dependent variable for this regression I first ran
descriptives of the responses, shown in table 8 below.
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Table 8: Response Rate to NAS Goal Adherence Questions

Strongly Disagree &
Disagree
Agree & Strongly
Agree
Missing
Total

Goal 1: When I do teach
evolution (including
answering student questions),
I emphasize the broad
consensus that evolution is
fact even as scientists disagree
about the specific mechanisms
through which evolution
occurred.
Frequency
Percent
22
13.1%

Goal 2: Evolution
serves as the unifying
theme for the content
of the course.

Goal 3: I believe it is possible
to offer an excellent general
biology course for high school
students that includes no
mention of Darwin or
evolutionary theory.

Frequency
29

Percent
17.2%

Frequency
169

Percent
100%

143

84.6%

131

77.5%

0

0%

4
169

2.4%

9
169

5.3%
169

All the respondents chose the strongly disagree or disagree option for the third NAS goal
question “I believe it is possible to offer an excellent general biology course for high school
students that includes no mention of Darwin or evolutionary theory”. In order to adhere to the
goal related to this question, teachers would had to have selected either the disagree or the
strongly disagree option. Since all the educators selected the disagree/strongly disagree option,
they all demonstrate adhering to at least one NAS goal. Becaues of this outcome, I decided to do
a linear probably model using a binary variable for the other two NAS goal adherence questions
since there was variation in these responses. This binary variable, which I named NAS binary
variable, would then help me to determine if the respondents accepted all three goals or not. The
regression is shown in table 9 below.
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Table 9: NAS Goal Adherence & Teacher Preparation Experience
Model

Sig.
B

(Constant)
Evolutionary Biology Course- Required for Program
Evolutionary Biology Course- Taken as Elective
Non-Evolutionary Biology Courses- Significant coverage
of evolution
Non-Evolutionary Biology Courses- Brief Coverage of
evolution
Positive view- Program prepared me to teach evolution
Negative view- Program prepared me to teach evolution
Positive view- Program prepared me to address student
questions and misconceptions
Negative view- Program prepared me to address student
questions and misconceptions
Positive view of mentor
Negative view of mentor
No Mentor/ No Student Teaching
Two Semesters or more of student teaching experience
Evolution by Natural Selection Belief
Theistic Evolution Belief
Standards adequately address evolution content
Pressure to Teach Evolutionary Biology
Pressure to Teach IDC
Pressure NOT to Teach Evolutionary Biology
Pressure NOT to teach IDC
a. Dependent Variable: NASBinaryVariable
N = 169
R2 = .195
Sig = .017

-.109
.114
.263
.159

Std. Error
.338
.095
.088
.188

.747
.230
.003
.400

.132

.185

.477

.077
.003
-.075

.098
.121
.101

.432
.980
.456

.035

.110

.752

.073
-.026
.134
-.083
.520
.329
.051
-.143
.134
-.018
.151

.099
.101
.131
.109
.279
.287
.083
.112
.175
.135
.162

.461
.801
.309
.449
.065
.252
.540
.204
.447
.893
.352

NAS Goal Adherence & Teacher Preparation Program Findings. A teacher
preparation program for biology teachers includes both pedagogy-based courses and contentbased courses. Each institution has different requirements for their particular degree program, as
discussed in chapter 3. The first few questions teachers were asked to respond to focused on the
science coursework they took during their preparation program experience. These findings were
included in this regression, which was statistically significant (p<.05) One of these questions
asked respondents to report if they were required to take an evolutionary biology course, if they
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were not required but took one as an elective, or if they were not required and did not take one as
an elective. Respondents who were not required to take evolutionary biology for their teacher
preparation program but took the course to fulfill an elective requirement demonstrated a 26%
increased probability of adhering to all three NAS goals when compared to those who were not
required to take evolutionary biology and did not take it as an elective(p<.005). This data point
was the only statistically significant finding. The remaining findings discussed below were not
significant, but do provide some interesting findings. For example, those that were required to
take evolutionary biology as a part of their program still saw an increased probability (11%) of
accepting all three NAS goals over those who were not required and did not take the course,. I
asked a follow-up question that looked at the level of focus of evolutionary biology in courses
that were not specifically about evolution. Those that reported that their courses not specifically
about evolution which had either a significant focus or a brief focus on the topic have a 16% or
13% higher probability respectively of adhering to all three NAS goals over those who took
courses with no focus on evolution.
Coursework is not the only experience that teachers have during their preparation
program, it is also their perception of the program’s relevance and success. Two questions
worked to establish what teachers’ perceptions were. When teachers perceived that their
program adequately prepared them to teach evolution, they were 8% more likely to adhere to all
three NAS goals than those with a negative perspective were .3% more likely to adhere to all
three goal, both when compared to those with a neutral perspective. When teachers perceived
that their preparation program adequately prepared them to address student questions, they had a
7% lower probability of adhering to all three NAS goals, and those with a negative perspective
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had a 3.5% higher probability of adhering to all three NAS goals. Both of these are when
compared to the neutral perspective.
The final component of teacher preparation programs is the mentorship experience where
pre-service teachers are required to complete a certain number of hours “apprenticing” as
teachers. There are two questions I asked regarding this aspect of teacher preparation, both the
perception of the mentor and the length of time spent in the student-teaching experience.
Respondents with a positive view of their mentor have an 7% higher probability of adhering to
all three goals when compared to those with a neutral perspective. Conversely, those with a
negative view of their mentor have an almost 3% lower probability of adhering to all three goals.
Those without a mentor because they did not have a student teaching experience have a 13.4%
higher probability of accepting all three NAS goals. Lastly, the length of time of the mentorship
experience was looked at. Those who had a student-teaching experience that was two semester
or more in length had an 8% lower probability of adhering to all three NAS goals than those with
one semester or less in their mentorship programs.
The Control Variables. The control variables in this regression included the religiosity
of the teacher, understanding of standards, and of perceived pressure from the community. To
address the first control variable, teachers were asked to respond to a question regarding their
beliefs on the origin and development of human beings. One answer choice indicated a nontheistic organic evolution viewpoint, which was labeled as the independent variable evolution by
natural selection belief, the second answer choice indicated a theistic viewpoint, which was
labeled as theistic evolutionary biology belief, and the third choice indicated a creationist
viewpoint, the excluded variable. Those respondents who chose an answer which indicated an
evolution by natural selection belief demonstrated a 52% increased probability of adhering to all
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three NAS goals. Even those with a theistic view of evolutionary biology saw an increased
probability as well of 33%. The second control variable the respondents were asked about
regarded standards, specifically did they have a positive perspective on the evolution-based
standards. There was a 5% increase in probability of adhering to all three NAS if they responded
positively. The third control variable concerned community attitudes. The teachers were asked
to report if they received pressure by various stakeholders (parents, religious leaders,
administrators, other) to either teach evolution or creationism/IDC or pressure to not teach
evolution or creationism/IDC. Pressure to teach evolution by any of those stakeholders resulted
in a 14% lower probability of NAS goal adherence whereas pressure to teach creationism/IDC
resulted in a 13% increased probability of adhering to all three NAS goals. When receiving
pressure to not teach these subjects, those experiencing pressure to not teach evolution have a 2%
lower probability and those who receive pressure to not teach creationism/IDC have a 15%
higher probability of adhering to all three NAS goals.
When looking at standards and community attitudes, I ran regressions both with these
control variables and without. The literature indicated that both of these variables do not play a
role at all, or play an insignificant role, in the curriculum and instructional choices of teachers.
In both regressions, the one which includes these variables and the one that excludes these
variables, the influence of the predictor variables on the probability of adhering to all three NAS
goals is very similar, and those independent variables which showed significance in the
regression show a similar level of significance. From this, I can postulate that my population is
in alignment with the literature regarding the influence of standards and community attitudes on
curriculum and instructional decisions regarding evolution. The regression which excludes these
variables is shown in table 10 in Appendix C.
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Hours Spent Teaching Evolution. As previously discussed, teachers in Connecticut
provide on average 20 hours of evolution-based instruction. Berkman & Plutzer (2010) found
that the number of hours a teacher spends teaching evolution is directly correlated to their
position on the goals established by the National Academy of Sciences. I ran a regression with
the hours spent teaching evolution as a continuous dependent variable to determine if there is a
relationship between the teacher preparation program and the number of hours spent teaching
evolution when controlling for religiosity, standards, and community pressure. The model,
shown in table 11 in Appendix C, produced has a sig value of .978, which is not statistically
significant. Furthermore, the R square value is .055, which means that only 5.5% of the variance
observed between the teachers regarding the number of hours spent teaching evolution can be
explained by the model. It could therefore be concluded that there is not enough evidence to
suggest that teacher preparation program experience has any influence on the number of hours
spent with evolution-based instruction, or that there is not enough variation between teachers to
elucidate a meaningful outcome. There must be other factors at play which would have a
statistically significant influence on the number of hours which were not explored through this
study.
Summary. To answer research question two I developed two regressions, one looking at
NAS goal adherence and one looking at hours spent teaching evolution. Each of these
regressions included the same predictor variables concerning teacher preparation and the control
variables of religiosity, standards, and community attitudes.
The goals regarding evolution acceptance as laid out by the National Academy of
Science, and discussed in depth in chapter 2, provide an indication for curriculum and
instructional decisions made by biology teachers depending on their level of adherence to these
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goals. According to the literature, the more goals the teacher adheres to, the more hours the
teacher spends providing instruction and the more likely they are to teach the subject in an
appropriate manner. All the respondents showed adherence to one goal as they all responded
disagree or strongly disagree to the question asking if it is possible to offer an excellent general
biology course for high school students that includes no mention of Darwin or evolutionary
theory. The remaining two questions were then used to make a linear probability model. Either
the teacher accepted both the remaining goals or they did not. Based on this regression, teachers
showed an increased probability of adhering to all three goals if they took an evolutionary
biology course in their preparation program, if they took other biology courses that spent either a
brief or significant amount of time covering evolution in the course materials, if they had a
positive perspective of their preparation program and of their mentor, if they had either a belief
in evolution by natural selection or a theistic view of evolution, if they had a positive view on the
standards regarding evolution, and if they received pressure to teacher or not teach
creationism/IDC. Teachers showed a decreased probability of adhering to all three goals if they
had a negative view of their preparation program or their mentor, if they had two or more
semesters of student teaching, or if they received pressure to teach or not teach evolution.
The regression I constructed which looked at the relationship between the teacher
preparation program and the number of hours spent teaching evolution was not statistically
significant and the model could only account for a small percentage of the variance observed
between teachers. This means that there is not evidence in this model to suggest that teacher
preparation program experience plays a role in the number of hours teachers spend covering
evolution-based curricula and that there must be other factors at play which would explain this
variance which is not a part of this study.
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Research Question #3- To what extent does teacher self-efficacy predict evolution instruction
patterns in the classroom when controlling for and compared to standards, teacher religiosity,
and community attitudes?
The goal of this research question was to determine if the self-efficacy of teachers plays a
statistically significant role in the level of adherence to the NAS goals or to the number of hours
spent teaching evolution. Teacher self-efficacy was established by asking five questions
regarding level of confidence and various teacher self-beliefs. Four of those questions all had
similar multiple-choice responses where respondents could select feeling confident, feeling
somewhat confident, and not feeling confident. There was also a choice for text entry where
respondents could include a text response. A summary of the percent responses is shown in table
12 below.
Table 12: Teacher reported self-efficacy regarding evolution instruction.

Feel Confident
Feel Somewhat Confident
Do not feel confident
Total Respondents

How would you
rate your
confidence in your
understanding of
evolutionary
biology
Percent
85.2
13.6
1.2
169

How would you rate
your confidence with
your ability to convey
information regarding
evolutionary theory to
your students
Percent
87.0
12.4
.6
169

When asked
questions about
evolution and
evolutionary
theory by my
peers I:
Percent
84.0
14.2
1.8
169

When asked
questions about
evolution and
evolutionary
theory by my
students I:
Percent
88.8
10.7
.6
169

As shown in the table, the vast majority of teachers reported feeling confident regarding their
understanding of evolution (85%), their ability to convey information regarding evolution to
their students (87%), their ability to respond to questions from their peers (84%), and in their
ability to respond to questions by their students (89%). One other question teachers were asked
to respond to as a part of their self-efficacy was a rating on their knowledge of the scientific
evidence bearing on the validity of evolutionary theory. 25% responded that their knowledge
was exceptional, on par with college level instructors, 51% responded that their knowledge was
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very good compared to their own colleagues, and only a small percentage reported themselves as
being typical or most high school teachers or that they knew less than other biology teachers,
23% and .6% respectively. This means that the majority of teachers have a positive view of their
knowledge and understanding of the evidence supporting evolutionary theory.
The second part of this research question is to apply self-efficacy to a regression to
determine if there is a relationship between teacher reported confidence and NAS goal
adherence, and teacher reported confidence and the hours spent teaching evolution. The
regression uses a composite variable, Confident Self-Efficacy, as the independent variable, and
uses the same control variables as RQ2, religiosity of the teacher, understanding of the standards,
and community attitudes. Descriptives of the composite variable is shown in table 13 below.
Table 13: Confident Self-Efficacy Composite Variable

No Questions with confident response
1 Question with confident response
2 Questions with confident responses
3 Questions with confident responses
4 Questions with confident responses
Total
α = .865

Frequency
11
7
6
16
129
169

Percent
6.5
4.1
3.6
9.5
76.3
100.0

The composite variable shows that 76% of teachers reported confident self-efficacy on each of
the 4 questions, which means the majority of teachers are confident in their ability to convey
evolution content to their students, their ability to address peer and student questions, and their
understanding of evolution. This variable also has a Cronbach’s alpha of .865, which indicates
reliability of the scale.
Teacher Self-Efficacy and NAS Goal Adherence. This regression uses the same linear
probability model as RQ2. The model showed a significance value of .001 in the ANOVA
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output and an R squared value of .201. This means that the model is statistically significant and
that it explains 20% of the variance observed in NAS goal adherence. The regression is shown
in table 14 below.
Table 14: Teacher Self-Efficacy and Level of NAS Goal Adherence
Model

Unstandardized Coefficients
B

(Constant)

Sig.

Std. Error
-.159

.281

.571

Confident Self Efficacy

.077

.031

.014

Evolution by Natural Selection Belief

..590

.275

.033

Theistic Evolution Belief

..439

.280

.119

Standards adequately address evolution content

..039

.081

.629

Pressure to Teach Evolutionary Biology

-.137

.106

.201

Pressure to Teach IDC

-.017

.132

.896

Pressure NOT to Teach Evolutionary Biology

.122

.170

.472

Pressure NOT to teach IDC

.172

.160

.282

a. Dependent Variable: NAS Binary Variable
N = 169
R2 = ..131
Sig = .004

The model shows that when teachers who have a confident self-efficacy in all four areas show an
almost 8% higher probability of adhering to all three NAS goals (p<.05). This would indicate
that self-efficacy has an influence on whether or not a teacher accepts all three goals of evolution
acceptance. The model does indicate, as it did with RQ2, that a belief in evolution by natural
selection also has a relationship with NAS goal adherence (p<.05), which is consistent with the
literature.
Teacher Self-Efficacy and Hours Spent Teaching Evolution. This regression is
similar to the one used in RQ2 regarding hours spent teaching evolution as the dependent
variable, but instead looks at self-efficacy for the independent variable. This model is not
statistically significant (Sig= .239) and has an R square value of .063, which means that only 6%
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of the variance observed between teachers and their hours spent on evolution can be explained
by the model. It could therefore be concluded that there is not enough evidence to suggest that
teacher self-efficacy has any influence on the number of hours spent with evolution-based
instruction, or there is not enough variation between teachers based on the responses to the
survey questions in order to draw meaningful inferences. There must be other factors at play
which would have a statistically significant influence on the number of hours which were not
explored through this study. The regression is shown in table 15 in Appendix C.
Summary. Teacher self-efficacy, for the purposes of this research question, is described
as how teachers identify their level of confidence in their evolution content knowledge, their
ability to convey evolution-based content to their students, and their confidence in their ability to
answer questions posed by their peers and students. Teachers who describe themselves as
confident in these abilities have a slightly higher probability of adhering to all three NAS.
Additionally, there is not enough evidence to state that confidence influences the number of
hours spent teaching evolution-based curricula. Based on the level of significance of the model
and the ability of the model to explain the variance observed between teachers, it must be
concluded that there are other factors at play which influence the number of hours spent teaching
evolution not explored by the model.
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Chapter 5- Discussion
Introduction
Scientific literacy is an important and relevant 21st century skill and is most commonly
developed during a person’s K-12 educational experience. People with a strong scientific
literacy are better equipped to be involved in public discourse which can drive social and
political decision-making processes. Research has shown that people who accept the theory of
evolution have greater scientific literacy than those who do not as the theory of evolution is
considered a keystone concept in the sciences. It helps to explain and connect many different
topics across many different scientific disciplines. Considering that the majority of Americans
are not college educated, it can be assumed that the only opportunity for learning about evolution
occurs during the secondary school experience, specifically the biology classroom. Research has
also shown that the teacher is an integral part to a student accepting the theory of evolution.
Teacher instructional practices and beliefs play a significant role in how these teachers teach
evolution and therefore the likelihood that students will accept evolution. This study sought to
first understand how public high school biology teachers in the state of Connecticut teach
evolution. Specifically, what is their level of adherence to the goals of acceptance for evolution
established by the National Academy of Sciences and the number of hours they spend teaching
evolution-based curriculum. I also wanted to apply this information to determine if the
experiences of the teacher during their preparation program, or the level of teacher confidence,
could predict the level of NAS goal adherence and the number of hours spent on evolution-based
curricula, when controlling for teacher religiosity, teacher understanding of the standards, and
teacher perceived pressure from the community.
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Summary of Findings
The first research question wanted to establish how public-school biology teachers in
Connecticut teach evolution. The survey found that the average number of hours spent teaching
evolution-based curriculum was almost 19. Teachers in CT spend the most time and include the
most detail on the sub-topics of evolutionary processes, evolutionary history, and speciation. In
order to delve a little deeper into understanding how teachers in CT teach evolution, I wanted to
know how many goals regarding evolution acceptance established by the National Academy of
Science teachers adhere to. I found that the vast majority of teachers (68%) adhere to all three
goals with 26% adhering to two goals and 6% adhering to 1 goal. I also looked at the
relationship between the likelihood of accepting all three NAS goals of evolution acceptance and
the number of hours spent teaching evolution. I learned that those who adhere to all three NAS
goals spend the more time teaching evolution in their biology courses than those who adhere to
only two goals. This finding is in alignment with the literature.
The second research question wanted to identify if the teacher preparation program
experience could be a statistically significant predictor for the level of adherence to the NAS
goals and/or for the number of hours teachers spent teaching evolution-based curriculum. Using
a linear probability model for the NAS goal adherence, I learned that teacher preparation can be
a predictor for goal adherence. Teacher preparation program experience included whether or not
an evolutionary biology course was required, taken as an elective, or not taken, the level of focus
non-evolutionary biology coursework had on evolution, and teacher perception of the student
teaching experience. This was when controlling for level of teacher religiosity, teacher
perspective on the standards, and the level of perceived pressure from the community to teach or
not teach evolution. Unlike NAS goal adherence, teacher preparation was not shown to be a
statistically significant predictor of the number of hours teachers spent teaching evolution. The
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R squared value was very low, meaning that there just is not enough evidence to state that
preparation programs influence the number of hours. These reported hours were anywhere
between 4 and 50 hours, which represents a high variability in content coverage. There must be
other factors at play which do influence hours which were not addressed by this study.
The third, and last, research question wanted to identify if teacher self-efficacy could be a
statistically significant predictor for the level of adherence to the NAS goals and/or for the
number of hours teachers spent teaching evolution-based curriculum. After analyzing the selfefficacy response, I determined that the vast majority, over 80% for each of the four questions,
responded they felt confident about their understanding of evolutionary biology, their ability to
convey information regarding evolutionary theory, and their ability to field questions by their
peers and students. Teachers were also asked to report their level of knowledge of the scientific
evidence bearing on the validity of evolutionary theory. The vast majority responded either very
good or exceptional (76%). When looking at this through the lens of a composite variable
focusing just on confidence in all 4 self-efficacy areas, 76% of the respondents felt confident. I
also learned that teacher efficacy is shown to be a statistically significant predictor of NAS goal
adherence, albeit only slightly. Similarly to the regression regarding teacher preparation
predicting hours spent teaching evolution, teacher self-efficacy is not shown to be a statistically
significant predictor for hours spent teaching evolution. Again, there must be other factors at
play which plays a significant role in hours spent teaching evolution but were not included in this
study.
Discussion of Findings
RQ1. The average number of hours public high school biology teachers in Connecticut
spend teaching evolution-based curriculum is almost 19 hours, which is almost in alignment with
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the nationally representative population at 20 hours (Plutzer, Branch, & Reid, 2020). In addition,
the level of adherence to the NAS goals of evolution acceptance do relate to the number of hours
spent teaching evolution, ie: the greater the NAS goal adherence, the higher the number of hours
on evolutionary biology curriculum and instruction. When teachers were asked whether they
“emphasize the broad consensus that evolution is a fact, even as scientists disagree about the
specific mechanisms through which evolution occurred”, the CT population was evenly split
(47% agree or strongly agreeing and 48% disagreeing or strongly disagreeing). This is
considered a key question on how teachers convey the science of evolution, specifically whether
or not the teacher considers the science of evolution settled. The 2019 nationally representative
population agreed with this statement at a rate of 79%. It is possible that the wording of the
question was not explicit enough for teachers to fully understand the meaning; however,
considering that this question was given on both administrations of the B&P study without issue,
it would instead indicate that teachers in Connecticut do not predominantly agree that
evolutionary theory is settled science. This may mean that a significant enough proportion of CT
teachers do not fully understand the nature of science and the significance of the evidence
established to support the theory of evolution. This finding does contrast with the level of
adherence of NAS goals by CT teachers. Even though CT teachers may struggle with a strong
understanding of the nature of science and the validity of the theory of evolution as discussed
above, their ability to universally recognize that evolution is a necessary component to any
meaningful biology class, as evidenced by the 100% acceptance of this NAS goal, is a significant
finding, especially considering that the nationally representative population does not show the
same level of recognition. What I also found to be interesting was that 11 out of 169 of my
participants, or 6.5%, reported promoting creationism/IDC in their classrooms. In contrast, the
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sample from the Berkman and Plutzer (2010) survey had only a 2.2% rate of creationism/IDC
promotion. This again reiterates the previously discussed takeaway; teachers in Connecticut do
not predominantly agree that evolution is settled science which could indicate a weak
understanding of the nature of science, and furthermore, there is a larger degree of belief that
creationism/IDC is a legitimate scientific alternative.
RQ2. Adherence to the three goals of evolution acceptance by the National Academy of
Science is a strong benchmark used to determine how teachers will teach evolution-based
curriculum in the classroom. All participants adhered to one goal, that evolution is an integral
component to a biology class, and a vast majority showed adherence to all three goals. This
would indicate that the majority of CT teachers do not view evolution as a “theory in crisis”, they
recognize the relevance of evolution-based curricula and teach the importance of the theory and
may even thread the evolution curriculum through the entire course to demonstrate its relevance
to a multitude of biological topics (Berkman & Plutzer, 2012). The likelihood of adhering to all
three goals increases when teachers take an evolutionary biology course during their preparation
program, if they took other biology courses which had at least a brief, if not specific, focus on
evolution as a component of the course, and if they had a positive perspective of their
preparation program and their mentor. These findings expand on the literature, which only
established that taking an evolutionary biology course has an impact on teacher instructional
choices (Rutledge & Mitchell, 2002; Berkman & Plutzer 2010; Rutledge & Warden, 2000).
RQ3. Teacher confidence is an oft overlooked aspect of instructional practice, as it has
only briefly been discussed in the literature, but has been linked to evolution acceptance (Ha,
2011; Berkman & Plutzer 2010). The majority of respondents rated themselves as confident in
their knowledge, the ability to convey information regarding evolution, and their ability to
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address peer and student questions. Also, teachers who identify their self-efficacy as confident
in these four areas have a slightly higher probability of adhering to all three goals. Confidence
has not been shown to impact the number of hours teachers spent teaching evolution due to the
lack of significance in the model, however there may be other factors at play which influences
the number of instructional hours other than confidence.
Implications for Policy and Practice
The results in this study indicate that the teacher preparation experience is an important
component to developing teachers which present evolution as a valid theory with significant
evidentiary support. Schools who host preparation programs should either maintain, or build, a
strong focus in evolution coursework, both as disparate classes and as key components in their
non-evolutionary biology coursework. Preparation programs should also include pedagogybased courses that provide instruction on how to teach evolution, how to address student
misconceptions, and how to handle community level attitudes which may influence their
practice. It can also be inferred from the data that if a pre-service teacher does not develop a
strong understanding of evolution and the nature of science through their program, they will not
be able to identify if their program has taught them how to address student questions and
misconceptions appropriately. The last area of the prep program which should be renovated is
the student teaching experience. Based on the results of this study, it is apparent the role of the
mentor is key in the development of meaningful instructional practices which demonstrate that
evolution is a valid and highly supported theory. It would be prudent of these programs to select
mentor teachers which strongly adhere to the goals established by the NAS and have a trackrecord of successful evolution instruction so as to maximize the preparation program experience
for all pre-service teachers.
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Recommendations for Future Research
The number of hours spent teaching evolution is a strong indicator of NAS goal
adherence and teacher beliefs, as discussed in the literature in chapter 2. This study was not able
to make any meaningful and statistically significant conclusions regarding hours spent teaching
evolution when looking at both teacher preparation program experiences and teacher selfefficacy as predictors. Both of these regressions seemed to indicate that there are other factors at
play which may play a more significant role in determining hours spent teaching which were not
covered by the study, or that the format or level of questioning was not significant enough to
identify key variations between the teachers. These factors may include district/department
curriculum expectations, teacher personal preference or interest in the topic, and access to
professional development post-graduation. Connecticut is also an insular community with a
highly educated population, typically left leaning, and high average annual income. There may
not be enough variation between teachers in the predictor variables or may not have been enough
of a sample size, in order to determine if teacher preparation or teacher self-efficacy are
statistically significant predictors. This study could be re-administered to a larger population
size to see if the results produced are the same, or it could be administered in a more socioeconomically heterogeneous state like New Jersey or New York.
Summary
Accepting evolution is a valid scientific theory is a key component to developing strong
scientific literacy skills in the 21st century. Evolution is the cornerstone scientific principle
which connects not just topics within the biological science, but also connects the seemingly
disparate scientific areas of study. Americans typically only learn about evolution in their high
school biology classes as most Americans are not college graduates, and those that are may not
have needed biology to complete their degrees. It is therefore imperative that high school
93

biology teachers are fully equipped to provide meaningful, scientifically supported, curriculum
to maximize the development of scientific literacy. This study has built upon the existing
scholarship regarding the role of the teacher preparation program in developing a qualified
biology teacher by specifically identifying the importance of evolutionary biology coursework,
the level of focus on evolution needed in other life science course requirements, and the
development of pedagogy practices that provide a strong foundation in the nature of science and
validity of scientific principles and theories. This study has also identified areas for future
growth in the scholarship, specifically the need for further analysis into the role of teacher
confidence in teacher practice, and the need to identify and delve into other factors which may
influence teacher curriculum and instruction decisions in their classrooms.
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Appendix A- Survey of Connecticut School Biology Teachers
I’m going to start by asking some general demographic questions.
1. In which Connecticut County do you currently work?
 Drop down menu of options
2. What level of biology/life science do you currently teach? (Check all that apply)
 Honors Biology
 AP Biology
 College Prep Biology (average level)
 Academic Biology (lower level/SPED)
 Integrated science with biology/life science component
 Other: _________________________
3. How many years have you taught biology?
 Drop down menu of options
4. Are you currently tenured in your district?
 Yes
 No

Teacher Preparation Program Experience Construct
Next, I’m going to ask questions about your educational background
5. What college degrees to you hold? (select all that apply)
 Associate Degree
 Bachelor of Arts
 Bachelor of Science
 Master’s Degree in Education
 Master’s Degree in Science
 Doctorate/Ph.D./Ed.D. in Education
 Ph.D. in Science
 Other:
6. What type of teaching certificate do you currently hold?
 Initial Educator certificate
 Provisional Educator certificate
 Professional Educator Certificate
 ARC Program certificate
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7. Did you have a major, minor, or special emphasis in any of the following subjects as part of your
undergraduate course work? Fill in one oval on each line.
Yes, a Major
Yes, a
No
Minor
Science education
Biology or other life science
Other science
Statistics, math or engineering
Education (including secondary education)
8. Approximately how many courses did you take in the biological sciences (undergraduate and
graduate level?)
 8 or fewer
 9-18
 19- 25
 Over 25
9. Have you had a specific college-level course (undergraduate or graduate) in evolution?
 Yes
 No
10. Considering the coursework you have taken for your degrees which were not specifically focused
on evolution, indicate which statement concerning your science coursework best applies.
 I took a/several biology course(s) that spent a significant amount of time on evolution
 I took a/several biology course(s) that spent only a brief amount of time on evolution
 None of my science courses that were not specifically about evolution spent any amount
of time discussing evolution.
11. Considering your degree program(s), indicate which statement best applies.
 My science degree program required I take an evolutionary biology course to graduate
 My science degree program required electives to graduate, and I took an evolutionary
biology course to fulfill that requirement
 My science degree program did not require I take an evolutionary biology course, and I
did not take one as an elective
12. Rate your level of agreement about the following statement: My teacher preparation program
adequately prepared me to teach evolution curricula effectively
 Strongly agree
 Agree
 Neutral
 Disagree
 Strongly Disagree
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13. Rate your level of agreement about the following statement: My teacher preparation program
adequately prepared me to address student questions and misconceptions concerning evolution
curricula effectively
 Strongly agree
 Agree
 Neutral
 Disagree
 Strongly Disagree
14. Rate your level of agreement about the following statement: My student teaching mentor
provided me a strong learning experiences for how to teach evolution effectively (ie: addressing
student questions, dealing with student misconceptions, delivering the content)
 Strongly agree
 Agree
 Neutral
 Disagree
 Strongly Disagree
 I did not have a student teaching experience (go to question #16)
15. To the best of your knowledge, approximately how many weeks were you required to complete
for your student teaching experience.
 Drop down menu

Instructional Practices and Behaviors Construct
Now I’m going to ask you some questions regarding your curriculum and instruction. When
considering these questions keep in mind that I am asking about the biology/life science course you
taught the most during the 2018-19 school year.
16. Considering how you sequenced your evolution unit for the (2018-19) academic year, please
indicate how many hours you typically spent on each topic.
Topic
0 hours
1-4 hours
5-8 hours
8-12 hours
>12 hours
Evolution History- ex: Darwin & the
Galapagos, Darwin’s principles, etc.
Evolutionary processes- ex:
microevolution, genetic drift, natural
selection, etc.
History of life- ex: spontaneous
generation, origin of organic molecules
& cells, early Earth conditions, etc
Speciation- Allopatric vs Sympatric
speciation, geographic vs sexual
isolation
Human evolution
Intelligent design or creationism
Other: ___________________
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17. Based on your selection of the hours spent on each topic in question #16, what would you say is
the total number of hours you spend teaching evolution as a whole?
 Drop down menu
18. Please indicate the level of detail met for each of the following evolution sub-topics
Do Not
Minimal detail Just enough to More than the
Significant
Cover
meet standards
minimum
detail
or address
requirement to
student
meet standards
questions
Evolution
History
Evolution
processes
History of Life
Speciation
Human
Evolution
Intelligent
design
Creationism
19. Please indicate your level of agreement with each of the following statements if they apply to
your classes in biology or life sciences (otherwise select "Not applicable").
Strongly
Agree
Disagree
Strongly
Not
Agree
Disagree Applicable
When I do teach evolution, I focus heavily on what
students need to know to meet state science
standards.
When I do teach evolution (including answering
student questions), I emphasize the possibility that
portions of evolutionary theory may be proven
wrong.
When I do teach evolution (including answering
student questions), I deliberately avoid making
statements that might be deemed offensive by
some students or their parents.
I frequently do not cover evolution because we run
out of time at the end of the course.
When I do teach creationism or intelligent design
(including answering student questions), I
emphasize that almost all scientists reject these as
valid accounts of the origin of species
When I do teach creationism or intelligent design
(including answering student questions), I
acknowledge them as valid religious perspectives,
but which are not appropriate for a science class.
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NAS Goal Adherence Construct
20. Please indicate your level of agreement with each of the following statements if they apply to
your classes in biology or life sciences (otherwise select "Not applicable").
Strongly
Agree
Disagree
Strongly
Not
Agree
Disagree Applicable
When I do teach evolution (including
answering student questions), I emphasize the
broad consensus that evolution is fact even as
scientists disagree about the specific
mechanisms through which evolution
occurred.
Evolution serves as the unifying theme for the
content of the course.
I believe it is possible to offer an excellent
general biology course for high school
students that includes no mention of Darwin
or evolutionary theory.
When I do teach about creationism or
intelligent design (including answering
student questions), I emphasize that this is a
valid, scientific alternative to Darwinian
explanations for the origin of species.
When I do teach creationism or intelligent
design (including answering student
questions), I emphasize that many reputable
scientists view these as valid alternatives to
Darwinian theory.

Standards Construct
Now I’m going to ask you about your access to resources and other school related items.
21. Please rate your agreement to each of the following statements
Strongly Agree Disagree Strongly
Agree
Disagree
I believe the science standards adopted by Connecticut (the
NGSS) adequately address evolution
I fully understand the content expectations for evolution as
stated in the CT state science standards
I have a strong working knowledge of the CT state science
standards (NGSS)
I have adequate resources to understand and use the state
standards in an effective way.
I believe I need to have a thorough knowledge of the standards
provided by the state to provide an in-depth presentation of
evolution curricula

Not
Sure
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Community Attitudes Construct
22. For each of the following, select all that apply
No
School
One
Administrator

Local
Religious
Leader

Parent(s)

School
Board
Members

Other

I have received pressure to
teach evolution from:
I have received pressure to
teach creationism or
intelligent design from:
I have received pressure to
NOT teach evolution from:
I have received pressure to
NOT teach creationism or
intelligent design from:
Lastly, regardless of what you do in the classroom, I’m going to ask you questions about your
personal thoughts and beliefs.

Religiosity Construct
23. Which of the following statements comes closest to your views on the origin and development of
human beings?
 Human beings have developed over millions of years from less advanced forms of life
only through natural biological processes like natural selection
 Human beings have developed over millions of years from less advanced forms of life,
but God guided this process.
 God created human beings pretty much in their present form at one time within the last
10,000 years or so..

Teacher Self-Efficacy Construct
24. How would you rate your confidence with your understanding of evolutionary biology?
 Feel confident with my understanding of evolutionary biology
 Feel somewhat confident in my understanding of evolutionary biology
 Do not feel confident in my understanding of evolutionary biology
 Other:
25. How would you rate your confidence with your ability to convey information regarding
evolutionary theory to your students?
 Feel confident with my ability to convey information regarding evolutionary theory
 Feel somewhat confident in my ability to convey information regarding evolutionary
theory
 Do not feel confident in my ability to convey information regarding evolutionary theory
 Other:
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26. When asked questions about evolution and evolutionary theory by my peers I:
 Feel confident with my knowledge and experience to answer questions in a detailed way
providing evidentiary support for my statements
 Feel somewhat confidence with my knowledge and experience to answer questions in a
detailed way providing evidentiary support for my statements
 Do not feel confident with my knowledge and experience to answer questions in a
detailed way providing evidentiary support for my statements
 Other: ____________________________
27. When asked questions about evolution and evolutionary theory by my students I:
 Feel confident with my knowledge and experience to answer questions in a detailed way
providing evidentiary support for my statements
 Feel somewhat confidence with my knowledge and experience to answer questions in a
detailed way providing evidentiary support for my statements
 Do not feel confident with my knowledge and experience to answer questions in a
detailed way providing evidentiary support for my statements
 Other: ____________________________
28. I would rate my knowledge of the scientific evidence bearing on the validity of evolutionary
theory as:
 Exceptional, on par with many college-level instructors
 Very good compared to most high school biology teachers
 Typical of most high school biology teachers
 I know less about this topic than many other high school biology teachers
29. There are many common strategies and that teachers use in teaching their high school biology
classes, and several common shared many experiences. Some of these appear below. Please tell
me whether you have ever done the following:
Never
Once or
A few
Frequently
Twice
times
I have been nervous about an open house event or a
meeting with parents because I believed that I would
receive complaints about the teaching of evolution.
I have paced my class so that the evolution chapters
in my textbook would be covered only minimally at
the end of the academic term.
I have encouraged students to consider how unlikely
it is that complex organs (e.g., the eye) or biological
processes (blood clotting) could have occurred
simply by random mutation and natural selection.
I have encouraged discussions of creationism in
order to firmly explain why creationism is not
science.
I have received questions from students that seemed
like they were suggested by an adult (e.g., parent,
youth group leader, etc.).
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Thank you very much for completing my survey. If you would like to add anything, please use the space
provide below. I am very interested in any comments, suggestions or anecdotes that you would like to
share.
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Appendix B- Tables & Figures
Table 1- Teacher Preparation Program Independent Variables
Question

Independent Variable name

#9- Evolution Coursework
#10- Non- Evolutionary Biology Courses

Evolution course taken
Significant coverage of evolution
Brief coverage of evolution
No coverage of evolution
Evolutionary biology required for program
Evolutionary biology taken as an elective but not required
Evolutionary biology not required and not taken
Positive view- Program prepared me to teach evolution
Neutral view- Program prepared me to teach evolution
Negative view- Program prepared me to teach evolution
Positive view- Program prepared me to address student questions
& misconceptions
Neutral view- Program prepared me to address student questions
& misconceptions
Negative view- Program prepared me to address student questions
& misconceptions
Positive view- Mentor
Neutral view- Mentor
Negative view- Mentor
No mentor
One semester or less
Two semesters or more

#11- Was Evolutionary Biology (EB) required
for your program
#12- Adequately prepared to teach evolution
effectively
#13- Adequately prepared for student
misconceptions

#14- Strong mentor modeling

#15- Number of student teaching semesters
(categorical)

Table 2- Sample Population by Connecticut County
Population by County
Percent
Fairfield

26.7

Hartford

21

Litchfield

3.4

Middlesex

2.3

New Haven

21.0

New London

8.5

Tolland

2.8

Windham

5.1

Total
Missing
Total

90.9
9.1
100.0
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Table 3: Frequencies for Reported Hours Spent on Each Sub-Topic of Evolution
Topic
0 Hours
1-4 Hours
5-8 Hours
9-12 Hours
>12 Hours
Total
Evolution
4
106
42
14
3
169
History
Evolutionary
1
79
59
18
11
168
Processes
History of Life
27
115
23
2
0
167
Speciation
24
111
29
4
0
168
Human
46
95
19
5
2
167
Evolution
ID or
153
14
1
0
0
168
Creationism
Note: Participants were asked, “Considering how you sequenced your evolution unit for the 2018-19 school year,
please indicate how many hours you typically spent on each topic. This includes both instruction and time spent
addressing student questions”.

Table 4: Frequencies for Reported Level of Detail Met on Each Sub-Topic of Evolution

Topic

Do
Not
Cover

Minimal Detail or
just enough to
address student
questions
22

Just
enough to
meet
standards
47

More than the
minimum
requirements to meet
standards
78

Significant
Detail

Evolution
5
16
History
Evolutionary
0
8
33
78`
48
Processes
History of Life
15
42
75
29
5
Speciation
7
22
64
57
19
Human
36
48
46
29
4
Evolution
Intelligent
138
20
6
2
1
Design
Creationism
145
19
3
1
0
Note: Participants were asked, “Please indicate the level of detail met for each of the following sub-topics

Total

168
167
166
169
163
167
168

Table 5: Frequency & Percent NAS Goal Adherence
Frequency
Percent
NAS Goal 1 Adherence
143
84.6%
NAS Goal 2 Adherence
131
77.5%
NAS Goal 3 Adherence
169
100%
Note: Teachers were asked to report to the following questions. 1) When I do teach evolution (including answering
student questions), I emphasize the broad consensus that evolution is fact even as scientists disagree about the
specific mechanisms through which evolution occurred. 2) Evolution serves as the unifying theme for the content of
the course. 3) I believe it is possible to offer an excellent general biology course for high school students that
includes no mention of Darwin or evolutionary theory.
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Table 6: Teacher Level of NAS Goal Adherence
LevelofNASGoalAdherence
Frequency

Percent

Adherence to 1 Goal

10

5.9

Adherence to 2 Goals

44

26.0

Adherence to 3 Goals

115

68.0

Total

169

100.0

α

.802

Table 7: NAS Goal Adherence and Hours Spent Teaching Evolution

Model
(Constant)
NAS Goal Adherence- Binary variable
Evolution by Natural Selection Belief
Theisic Evolution Belief
Standards adequately address evolution content
Pressure to Teach Evolutionary Biology
Pressure to Teach IDC
Pressure NOT to Teach Evolutionary Biology
Pressure NOT to teach IDC
Dependent variable: Hours spent teaching evolution

Unstandardized Coefficients
B
Std. Error
16.456
5.510
4.605
1.582
-.689
5.628
-2.480
5.709
.385
1.635
-1.285
2.209
-.252
2.665
.919
3.431
1.817
3.237

Sig.
.003
.004
.903
.665
.814
.562
.925
.789
.575

N = 165
R2 = .077
Sig = .118
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Table 8: Response Rate to NAS Goal Adherence Questions

Strongly Disagree &
Disagree
Agree & Strongly
Agree
Missing
Total

Goal 1: When I do teach
evolution (including
answering student questions),
I emphasize the broad
consensus that evolution is
fact even as scientists disagree
about the specific mechanisms
through which evolution
occurred.
Frequency
Percent
22
13.1%

Goal 2: Evolution
serves as the unifying
theme for the content
of the course.

Goal 3: I believe it is possible
to offer an excellent general
biology course for high school
students that includes no
mention of Darwin or
evolutionary theory.

Frequency
29

Percent
17.2%

Frequency
169

Percent
100%

143

84.6%

131

77.5%

0

0%

4
169

2.4%

9
169

5.3%
169

Table 9: NAS Goal Adherence & Teacher Preparation Experience

Model
(Constant)
Evolutionary Biology Course- Required for Program
Evolutionary Biology Course- Taken as Elective
Non-Evolutionary Biology Courses- Significant coverage of evolution
Non-Evolutionary Biology Courses- Brief Coverage of evolution
Positive view- Program prepared me to teach evolution
Negative view- Program prepared me to teach evolution
Positive view- Program prepared me to address student questions and
misconceptions
Negative view- Program prepared me to address student questions and
misconceptions
Positive view of mentor
Negative view of mentor
No Mentor/ No Student Teaching
Two Semesters or more of student teaching experience
Evolution by Natural Selection Belief
Theistic Evolution Belief
Standards adequately address evolution content
Pressure to Teach Evolutionary Biology
Pressure to Teach IDC
Pressure NOT to Teach Evolutionary Biology
Pressure NOT to teach IDC
a. Dependent Variable: NASBinaryVariable
N = 169
R2 = .195
Sig = .017

Sig.
B
-.109
.114
.263
.159
.132
.077
.003
-.075

Std. Error
.338
.095
.088
.188
.185
.098
.121
.101

.747
.230
.003
.400
.477
.432
.980
.456

.035

.110

.752

.073
-.026
.134
-.083
.520
.329
.051
-.143
.134
-.018
.151

.099
.101
.131
.109
.279
.287
.083
.112
.175
.135
.162

.461
.801
.309
.449
.065
.252
.540
.204
.447
.893
.352

120

Table 10: NAS Goal Adherence & Teacher Preparation Experience (non-influential variables removed)
Model
(Constant)
Evolutionary Biology Course- Required for Program
Evolutionary Biology Course- Taken as Elective
Non-Evolutionary Biology Courses- Significant coverage of evolution
Non-Evolutionary Biology Courses- Brief Coverage of evolution
Positive view- Program prepared me to teach evolution
Negative view- Program prepared me to teach evolution
Positive view- Program prepared me to address student questions and
misconceptions
Negative view- Program prepared me to address student questions and
misconceptions
Positive view of mentor
Negative view of mentor
No Mentor/ No Student Teaching
Two Semesters or more of student teaching experience
Evolution by Natural Selection Belief
Theistic Evolution Belief
a. Dependent Variable: NASBinaryVariable
N = 169
R2 = .175
Sig = .006

Sig.
B
-.109
.110
.268
.191
.162
.082
.009
-.055

Std. Error
.317
.093
.086
.184
.179
.096
.119
.099

.549
.238
.002
.299
.355
.395
.942
.578

.042

.109

.701

.077
-.015
.144
-.090
.587
.378

.096
.100
.129
.106
.264
.274

.429
.881
.266
.400
.028
.169
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Table 11: Teacher Preparation & Hours Spent Teaching Evolution Regression
Model

Sig.
B

(Constant)
Evolutionary Biology course Required for program
Evolutionary Biology course Not Required for program, but taken as
elective
Non-Evolutionary Biology courses- Significant Coverage of
Evolution
Non-Evolutionary Biology Courses- Brief Coverage of Evolution
Positive view- Program prepared me to teach evolution
Negative view- Program prepared me to teach evolution
Positive view- Program prepared me to address student questions and
misconceptions
Negative view- Program prepared me to address student questions and
misconceptions
Positive view of mentor
Negative view of mentor
No Mentor/No Student Teaching
Two Semesters or More of Student Teaching Experience
Evolution by Natural Selection belief
Theistic Evolution Belief
Standards adequately address evolution content
Pressure to Teach Evolutionary Biology
Pressure to Teach IDC
Pressure NOT to Teach Evolutionary Biology
Pressure NOT to teach IDC
Dependent Variable: Hours Spent Teaching Evolution
N = 169
R2 = .055
Sig = .978

18.249
2.132
.239

Std.
Error
7.188
2.051
1.865

.012
.300
.898

-.751

3.998

.851

-1.803
.426
.887
-.941

3.926
2.096
2.581
2.173

.647
.839
.731
.666

.687

2.352

.771

-.762
-1.160
2.357
1.029
1.225
-1.208
.935
-1.979
1.242
-.016
2.894

2.108
2.167
2.782
2.429
5.932
6.106
1.780
2.424
3.731
2.878
3.444

.718
.593
.398
.672
.837
.843
.600
.415
.740
.996
.402
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Table 12: Teacher reported self-efficacy regarding evolution instruction.

Feel Confident
Feel
Somewhat
Confident
Do not feel
confident
Total
Respondents

How would you
rate your
confidence in your
understanding of
evolutionary
biology
Percent
85.2
13.6

How would you rate your
confidence with your
ability to convey
information regarding
evolutionary theory to
your students
Percent
87.0
12.4

When asked
questions about
evolution and
evolutionary theory
by my peers I:

1.2

.6

1.8

.6

169

169

169

169

Percent
84.0
14.2

When asked
questions about
evolution and
evolutionary
theory by my
students I:
Percent
88.8
10.7

Table 13: Confident Self-Efficacy Composite Variable

No Questions with confident response
1 Question with confident response
2 Questions with confident responses
3 Questions with confident responses
4 Questions with confident responses
Total
α = .865

Frequency
11
7
6
16
129
169

Percent
6.5
4.1
3.6
9.5
76.3
100.0

Table 14: Teacher Self-Efficacy and Level of NAS Goal Adherence
Model

Unstandardized Coefficients
B

(Constant)

Sig.

Std. Error

1.526

.361

.000

ConfidentSelfEfficacy

.064

.040

.111

EvobyNSBelief

.844

.354

.018

TheisticEvoBelief

.690

.361

.058

PosStandardsEC

.119

.104

.258

-.148

.137

.282

.224

.219

.307

Pressure NOT to Teach EB- dummy

-.096

.170

.573

Pressure NOT to teach IDC- Dummy

.153

.206

.459

Pressure to Teach EB- dummy
PressureTeachIDCdummy

a. Dependent Variable: LevelofNASGoalAdherence
N = 169
R2 = .201
Sig = .001
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Table 15: Teacher Self-Efficacy and Hours Spent Teaching Evolution Regression
Model

Unstandardized

Sig.

Coefficients
B
(Constant)

Std. Error

13.098

5.718

.023

1.536

.628

.016

.907

5.600

.871

-.977

5.704

.864

.000

1.667

1.000

-1.658

2.220

.456

PressureTeachIDCdummy

1.032

3.457

.766

Pressure NOT to Teach EB- dummy

-.525

2.686

.845

Pressure NOT to teach IDC- Dummy

2.271

3.253

.486

ConfidentSelfEfficacy
EvobyNSBelief
TheisticEvoBelief
PosStandardsEC
Pressure to Teach EB- dummy

a. Dependent Variable: Based on your selections of the hours spent on each topic in the previous question, what
would you say is the total number of hours you spend teaching evolution as a whole? (evolution includes: history
of evolution, microevolution processes, history of life, speciation, human evolution, and intelligent
design/creationism)
N = 169
R2 = .063
Sig = .239
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Figure 1: Total Number of Reported Hours Spent Teaching Evolution/Creationism
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